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The thermodynamic and spectroscopic properties of the oxygen fluoride species have 
been reviewed. Recommended thermochemical tables are given for five gaseous oxygen 
fluorides: OF, OFO, FOO, FOF, and 02F2. Sufficient information is not available to 
generate thermochemical tables for any condensed phase species. Annotated bibliogra
phies (over 600 references) are provided for all neutral oxygen fluorides which have been 
reported in the literature. There are needs for additional experimental and theoretical data 
to reduce the uncertainties in the recommended values for these five species. Of all the 
species mentioned in the literature, many have not been isolated and characterized. In fact, 
some do not exist. Throughout this paper, uncertainties attached to recommended values 
correspond to the uncertainty interval, equal to twice the standard deviation of the mean. 
©1996 American Institute of Physics and American Chemical Society. 
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1. Introduction 

This study of the neutral oxygen fluorides is the first of four 
critical reviews on the thermodynamic and spectroscopic 
properties of the halogen oxides. An earlier partial study on 
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the chlorine oxides l has already been reported. Subsequent 
articles will deal with bromine oxides and iodine oxides. We 
will not discuss the astatine oxides, as there appears to be only 
an estimated Dg value reported in the literature for AtO(g). 
Specifically, this study examines the thermodynamic proper
ties of the neutral oxides, not the gaseous ionic or aqueous 
ionic species. The main purpose of this article is to generate 
thermochemical tables for oxygen fluoride species. In gen
eral, there is scant data available for the description of the 
spectroscopic and thermodynamic data for any of the oxygen 
fluorides, except for OF, FOO, FOF, and OlF2. Although the 
prime emphasis was on the diatomic and triatomic species, a 
thorough search of all oxygen fluorides was conducted to 
decide which species had sufficient data. 

For the time period 1907 to 1994, there are 882 citations in 
Chemical Abstract Services (CAS) dealing with the oxygen 
Duuriul::S uf which lhl:rl: arl: 15 Duuriul:s anu 9 isutopumers. 
484 citations deal with OFl , 133 deal with 02Fl, 78 deal with 
FOO, and 69 with OF. The remaining 118 references deal 
with 11 fluorides and 9 isotopomers. Of the 24 fluorides 
mentioned, however, there is not conclusive evidence as to 
the existence of all of them. 

The present· interest in the numerous oxygen fluorides is 
due to the important role these compounds play in strato
spheric chemistry and as strong fluorinating agents. For this 
reason, the spectroscopic characterization of these species is 
mandatory in order to explain possible reactions thermody
namically and kinetically. In addition, numerous researchers 
are examining bonding trends within all halogen oxide spe
cies. There appears to be no commercial uses of the oxygen 
fluorides mentioned in the literature. In the past, the dominant 
use of oxygen fluorides was in rocket industry as propellants, 
due to the fact that they are strong oxidizers. There is also 
mention of the use of the oxygen fluorides in flash bulbs. 

The current study is aimed at providing a complete and 
thorough coverage of the literature for spectroscopic and ther
modynamic information. Although it is not the purpose of this 
article to summarize and critique the chemistry of the oxygen 
fluorides, all such references are provided here. The refer
ences were obtained primarily by use of commercial abstract
ing services and all NIST Data Centers.a Since the literature 

survey revealed so few references in total for all neutral oxy
gen fluorides (except OF2) all citations are listed in Sec. 9 
(References-Annotated Bibliography). Since there are well 
over 400 references for OF2, we only include those which are 
important from a spectroscopic and thermodynamic point of 
view. We have not included articles which seemingly deal 
with the formation, preparation, reaction, NMR, and patents 
of OF2• It should be noted that the reading of the individual 
articles yielded additional references, many of which are 
included in the attached bibliography. Not included are all 
articles or books (textbooks and handbooks) which simply 
present a summary of properties with no critical evaluation. 
Note that although there was brief mention of oxygen 

. 1Chemical Kinetics Data Center; Chemical Thermodynamics Data Center; 
Ion Kinetics and Energetics Data Center; Molecular Spectra Data Center; 
Vibrational and Electronic Energy Levels of Small Polyatomic Transient 
Molecules; Crystal and Electron Diffraction Data Center. 

J. Phys. Chern. Ref. Data, Vol. 25, No.2, 1996 

fluorides in 1910, in depth studies began in the late 1920s. 
Even though many citations are not relevant to this study, 
future investigators will not have to search the past literature, 
but simply concentrate on the publications since 1994. 

The current version (1985) of the JANAF Thermochemical 
Tablesl includes three oxygen fluorides (OF, FOO, FOF), 
whereas the 1989 version of the Thermochemical Properties 
of Individual Substances (TPIS)3 only contains information 
on OF and FOF. For the JANAF Thermochemical Tables, the 
data evaluations were actually performed in 1966 for OF and 
02F and in 1969 for OF2. For TPIS, the analysis for OF is 
based on data up to 1973, however a footnote referring to a 
1979 reference was included. The most recent reference for 
FOF was 1966. There is sufficient new data available to 
warrant revisions to these tabulations, although the numeric 
changes are not large. The NBS Tables of Chemical Thermo
dynamic Propenies4 and its Russian coumerpart by Glushko 
and Medvedev5 listed values (C;, HO, S°, and D.rHO) at 
298.15 K for OF(g) and OF2(g), but only D. fH(298 K) for 
02F2(g) and 03F2(g). In addition. Glushko and Medvedev 
include an enthalpy of formation value for OSF2(g). [Neither 
of these latter two publications provide any data on aqueous 
ions.] It should be noted that the NBS study was performed 
prior to 1 Y64, whIle the RUSSIan study, pnor to I Y6.). 

There are many NASA-JPL publications on chemical ki
netics in which enthalpy of formation tables are given. Of all 
the oxygen fluorides, only OF, OFl , 02F, and OlF2 were listed 
by NASA-JPL.6 These data were presented without citation or 
reference to the original source. Most of the recommendations 
were based upon data in the IUP AC evaluations (Atkinson 
etal. 19897

, 19928
). Some of the values were different from 

the current IUP AC recommendations, reflecting more recent 
studies that have not yet been accepted and incorporated into 
those publications. IUP AC cited the origin of their values. All 
citations given by IUP AC are included in this article. 

There are numerous reviews dealing with the oxygen 
fluorides. Hahn9

, in 1959, gave a thorough review of the 
preparation properties of OFl and 02F2 and discussed the 
existence of OF-and 03F2. In 1986, as an update to the review 
of the oxygen fluorides for this Gmelin series, Jager et al. lo 

summarized the properties of OF, OFO, FOO, 03F, O~, OF2 , 

02F2, 03F2, O.?2, OSF2' O~2' OF3, OF4• 

In 1963, Schmeisser and Brandle 1 I summarized the status 
of four compounds (OF2, 02F2, 03F2, O'?2). At the time of this 
review, the structure was known only for OF2. The melting 
points and enthalpies of formation were available for OF2, 

02F2, and 03F2. 
In a review of advanced inorganic oxidizers, Lawless aIlU 

Rowate l discussed eight oxygen fluorides, of which three 
were stated to be well characterized (OlF, OF2, 02F2). Addi
tional reviews are provided by Allamagnyl3 and Nikitin and 
Rosolovskii.1 4 

[After this article was written and reviewed, this author 
became aware of the existence of another review article by 
Wayne et al. 20 This article provides discussion on the thermo
dynamic and spectroscopic data on many oxygen fluorides . 
Although not of importance for our purposes, the article also 
discusses many other topics, including photochemistry and 
kinetics.] 
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In reading Sec. 5, the reader will soon learn that the 
existence of many of the oxygen fluoride compounds is ques
tionable. The thermal instability of the oxygen fluorides has 
led to numerous difficulties in characterizing specific oxygen 
fluorides. The syntheses are not always reproducible. The 
following table summarizes our interpretations of the proba
ble existence of the compounds mentioned: 

Exist and have been observed: OF eSOF); FOO 
(0170F,1700F,170 2F); FOF; 02F2 (1702F2,1802F2) 
Compounds that may exist (have not been isolated but 

some characterization available): OFO; 03F; O'?2; OF3 
No conclusive confirmation as to existence: O.?; FFO; 
03F2; OsF2; FOOOOOF;O~2; FOOOOOOF; 07F2; OSF2 
In the following discussions, analyses and calculations, the 

1993 atomic weights of the elements IS are used: 
AlF) = 18.9984032 :t 0.0000009; AlO) = 15.9994:t 0.0003. 
Since the mid-1950s, the relative atomic weight of oxygen has 
changed by 0.0006 to 15.9994. Similarly for fluorine, the 
relative atomic weight has changed by 0.0000032 to 
18.9981\032. Relatively speaking, these changes are suffi

ciently small that we will not consider any conversions due to 
relative atomic weights. 

In addition, the 1986 fundamental constants l6 are used. The 
key constant of interest in this work is the molar gas constant: 
R = 8.314510 ± 0.000070 J'mol- I K- I

. In comparison to the 
1973 fundamental constants 17, R has changed by + 0.000 1 
J'mol- I K- I

• Using the 1986 fundamental constants (instead 
of the 1973 fundamental constants), the S(298.15 K) values 
are increased by approximately 0.004 J'mol- I K- I for the four 
polyatomic oxygen fluorides. 

SI units are used for the final recommendations. Since we 
are dealing only with spectroscopic information, the resulting 
calculated thermodynamic tables refer to thermodynamic 
temperatures. Thus, no temperature scale conversions are nec
essary. 

In the following discussions, the numeric values (and their 
uncertainties if given) presented are those reported in the 
original publication in addition to the SI value. This is to 
ensure quick confirmation of the extracted results and their 
uncertainties. These uncertainties (not always based on exper
ime:ntal and mathe:matil.;al analyse:s) are: the: value:s yuute:d by 

the original authors and are often not fully described as to 
their origins. Our reported uncertainties for So and ArHo are 
calculated using a propagation of errors approach. 

The recommended data presented in the NIST-JANAF 
Thermnochemical Tables are a result of a combined appraisal 
of results from experimental studies, calculations (e.g. quan
tum-mechanical treatments) and estimations. All tables are 
calculated using the full significance of all numeric values. 
Rounding occurs at the end of the calculations. The uncer
tainty given represents our best attempt for twice the standard 
deviation. 

The NIST-JANAF Thermochemical Tables (Sec. 6) are 
calculated using the current atomic weights and fundamental 
constants, as well as the thermochemical tables for 
monatomic and diatomic fluorine and oxygen. These latter 
reference state thermochemical tables, as originally calcu
lated, were based on on the 1973 fundamental constants l7 and 

the 1981 relative atomic weights. 18 This will cause a slight 
offset in the formation properties of the order 0.01 kJ'mol- 1 

at most; such an offset is well within the uncertainty range of 
the enthalpy offormation of the 'oxygen fluorides. Neumannl9 

has presented an identical thermochemical table for FO(g); 
this table was prepared jointly with this author. 

1.1. References for the Introduction 

IS. Abramowitz and M. W. Chase, Thermodynamic properties of gas phase 
species of importance to ozone depletion, J. Pure. App\. Chern. 63(10), 
1449-54 (1991). 

2M. W. Chase,Jr, C. A. Davies, J. R. Downey, Jr., D. A. Frurip, R. A. 
McDonald, and A. N. Syverud, JANAF Thermochemical Tables, 3rd Edi
tion, J. Phys. Chern. Ref. Data 14, Supplement No. I, 1856 pp (1985). 

.1L. V. Gurvich, 1. V. Veyts, and C. B. Alcock, Thermodynamic Properties of 
Individual Substances. 4th Edition. two parts (551 pp and 340 pp). Hemi
sphere Publishing Corporation, New York (1989). 

4D. D. Wagman, W. H. Evans, V. B. Parker, R. H. Schumm, 1. Halow, S. M. 
Bailey, K. L. Chumey, and R. L. Nuttall, The NBS Tables of Chemical 
Thermodynamic Properties. Selected Values for Inorganic and CI and C2 

organic substances in SI units, J. Phys. Chern. Ref. Data II, Supplement No. 
2, 393 pp (1982). 

5V. P. Glushko and V. A. Medvedev, Thermal Constants of Substances, 
Volume I (145 pp), Academy of Sciences, Moscow (1965). 

6W. B. De More, S. P. Sander, D. M. Golden, R. F. Hampson, M. J. Kurylo, 
C. J. Howard, A. R. Ravishankara, C. E. Kolb and M. J. Molina, Chemical 
kinetics and photochemical data for use in stratospheric modeling, NASA
JPL Publication 92-20 (1992); this is one of a series of similar publications. 

7R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson Jr., J. A. Kerr and J. 
Troe, Evaluated kinetic and photochemical for atmospheric chemistry: sup
plement III, J. Phys. Chern. Ref. Data 18(2), 881-1095 (1989). 

8R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampsom Jr.,J. A. Kerr and J. 
Troe, Evaluated kinetic and photochemical for atmospheric chemistry: sup
plement IV, J. Phys. Chern. Ref. Data 21(6), 1125-1568 (1992). 

90. Hahn, Fluorine, Gmelins Handbuch der Anorganischen Chemie, Verlag 
Chemie GMBH, Weinheim, 258 (1959). 

lOS. Jager, J. von Jouanne, H. Keller-Rudek, D. Koschel, P. Kuhn, P. Merlet, 
S. Rupecht, H. Vanecek, and J. Wagner, Fluorine, System No.5, Supp\. 4, 
Gmelin Handbook of Inorganic Chemistry, Springer-Verlag, Berlin, 408 
(1986). 

"M. Schmeisser and K. Brandle, Oxides and oxyfluorides of the halogens, 
Adv. Inorg. Radiochem. 5, 41-89 (1963). 

12E. W. Lawless and R:). Rowatt, Review of advanced inorganic oxidizers, 
Amer. Chern. Soc., Div. Fuel Chern., Prepr. 12(2), 108-19 (1968); CA 71R 
119057e. 

13p. AJlamagny, The fluorides of oxygen, Gauthier-Villars: Paris, 66 pp. 
(1969); CA 72B 27946m. 

141. V. Nikitin and V. Ya. Rosolovskii, Oxygen fluorides and dioxygenyl 
compounds, Usp. Khim. 4O( 11), 1913-34 (1971); Eng\. trans!., Russ. Chern. 
Rev. 40(11), 889-900 (1971). 

15IUPAC Commission on Atomic Weights and Isotopic Abundances, Atomic 
weights of the elements 1993, J. Phys. Chern. Ref. Data 24(4), 1561 (1995); 
Pure & Appl. Chern. 66(12), 2423 (1994). 

'6E. R. Cohen, and B. N. Taylor, The 1986 CODATA recommended values 
of the fundamental physical constants, J. Phys. Chern. Ref. Data 17(4), 1795 
(1988). 

I7E. R. Cohen and B. N. Taylor, The 1973 least-squares adjustment of the 
fundamental constants, J. Phys Chern. Ref. Data 2(4), 663 (1973). 

18N. E. Holden and R. L. Martin, Atomic weights of elements - 1981, Pure 
Appl. Chern 55, 110 I (1983). 

19D. B. B. Neumann, NIST-JANAF Thermochemical Tables, Supplement 
1995, J. Chern. Phys. Ref. Data, submitted for publication (1995). 
2~. P. Wayne, H. Poulet, P. Briggs, J. P. Burrows, R. A. Cox, P. J. Crutzen, 
G. D. Hayman, M. E. Jenkin, G. Le bras, G. K. Moortgat, U. Platt and R. 
N. Schindler, Halogen oxides: radicals, sources, and reservoirs in the labora
tory and in the atmosphere, Atmos. Env. 29(20), 2675-2884 (1995). 
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2. Chemical Species Coverage 

The following is a list of all oxygen fluoride species cited 
in the Chemical Abstract Services (CAS) Indices (formula 
and substance). Aqueous ions and gaseous ions are not 
included in this study. The chemical name, formula, and 
Chemical Abstracts Services Registry Number (when avail
able) are given. This list is complete through Volume 121 of 

Chemical Abstracts Services (December 1994). It is impor
tant to note that this listing gives species whose existence is 
now questioned. Deleted CA Registry Numbers are given to 
assure the reader that all past citations were retrieved. It is 
important to note that there is limited information on the 
existence of the asymmetric isomer FFO and the symmetric 
isomer, OPO. 'Ibe analogous chlorine species, CICIO and 
OCIO, however, do exist. 

TABLE 2.1. Oxygen fluoride species 

Chemical Abstracts Registry Numbers 
Formula3 Name Deleted # Current #b 

Oxygen fluoride 11\6-01-\ 

OF(FO) Oxygen fluoride 14986--71-1 12061-70-0 
77318-95-7 
.54Y74--)j-7 

FOesOF) Oxygen fluoride 38536-87-7 

02F(FOO) Oxygen fluoride 99873-96-8 15499-23-7 
923-10 ·IO-·S 

12507-32-3 
12020-93-8 
61825-17-0 
12061-71-1 

O17OF Oxygen fluoride 15891-85-7 

1700F Oxygen fluoride 

l702F Oxygen fluoride 15844-91-4-

1802F Oxygen fluoride 59139-28-3 

O180F Oxygen fluoride 52139-29-4 

OlF(OFO) Oxygen fluoride (1) 

03F Oxygen fluoride 12191-80-9 

04F Oxygen fluoride 

OF2(FOF) Oxygen fluoride 86100-45-0 7783-41-7 

o 18F2(FOF) Oxygen fluoride 149228-80-8 

l7OF2 Oxygen fluoride 
180F2 Oxygen fluoride 

OF2(FFO) Fluorosyl fluoride 86825-57-2 

02F2(FOOF) Oxygen fluoride 7783-44-0 

lI02F2 Oxygen fluoride 12178-94-8 
1802F2 Oxygen fluoride 22303-73-7 

03F2(FOOOF) Oxygen fluoride 12020-92-7 16829-28-0 

04F2(FOOOOF) Oxygen fluoride 12020-93-8 107782-11-6 

OSF2 Oxygen fluoride 12191-79-6 

OsF2(FOOOOOF) Fluorine oxide 13847-63-7 

06F2(FOOOOOOF) Fluorine oxide 13847-64-8 

06F2 Hexaoxygen difluoride 12191-80-9 

07F2(03F-O-F03) Fluorine oxide 106996-21-8 

OSF2 Difluorooxide 153851-83-3 

OF3 Oxygen trifluoride 12434-38-7 

OF4 Oxygen tetrafluoride 

OF6 152574-75-9 

aA secondary formula is intended to suggest the assigned structure.If there isno secondary formula given, this means that no 
structure has been detennined for this species, but the atomic ratio is known. 

blf no CA Registry Number appears in this column, then the species is assumed NOT to exist. 

J. Phys. ChAm. Ref. Data, VnL 25, Nn. 2, 1998 
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3. Historical Perspective of 
Oxygen Fluoride Studies 

It is infonnative to briefly summarize the types of studies 
which have been conducted through the years on the oxygen 
fluorides. Specific references are given in Sec. 9. This section 
is intended to simply highlight developments through the years. 

Using the Chemical Abstracts Services Collective Indices 
as a backdrop for these historical comments, the period 1907 
to 1926 (the 1st and 2nd Collective Indices) revealed only two 
citations for the oxygen fluoride species, both of which were 
for unspecified oxygen fluoride compounds. 1

•
2 The references 

referred to a reaction of F2 and O2 in an ozonizing apparatus. 
Although no temperature is specified in the abstract, unstable 
compounds were fonned which caused an explosion. 

In the time period 1927 to 1946 (the 3rd and 4th Collective 
Indices), Chemical Abstracts mentioned a total of forty 
citations dealing with oxygen fluorides. In the 3rd Index these 
compounds were referred to as fluorine oxides but starting 
with the 4th Index, they were called oxygen fluorides. At this 
time four fluorides had been identified: OF, OF2, 02F2, and 

0~2' 
For the time period 1947 to 1961 (the 5th and 6th Collec-

tive Indices), 48 additional articles were indexed in Chemical 
Abstracts Services. The dominant species under study was 
OF2. Numerous physical, spectroscopic, and thennodynamic 
properties were studied extensively. This was undoubtedly 
due to applications in the rocket industry. The fonnation and 
decomposition of OF, 02F2, and 02F3 were studied. 

For the time period 1962 to 1971 (the 7th and 8th Collec
tive Indices), 348 references were cited. Not including isoto
pomers, nine oxygen fluorides are discussed. The main em
phasis of the studies appeared to revolve around the use of 
these oxides in the propellant industry. The bulk of the refer
ences dealt with preparation, fonnation and reactions. 

In the time period of the 9th and 10th Collective Indices 
(1972-1981), there were six oxygen fluoride species (and 
three isotopomers) mentioned. In all cases, the dominant stud
ies involved spectroscopic and bond energy investigations. 
There were however, numerous studies involving the fonna
tion, the reaction and kinetics of these fluorides. There were 
a few references to oxidizers for propellant systems. There 
seemingly were no commercial applications and very few 
patents. The patents typically refer to compounds or adducts 
involving the oxygen fluorides. 

For the 11th and 12th Collective Indices (1982-1991), 
there was one reference dealing with the formation of O~2' 
but many dealing with OF, OF2, 02F, and 02F2' The emphasis 
appeared to be on the formation, preparation, reaction, fluori
nation and detennination of spectroscopic properties of the 
oxygen fluoride species. 

In summary, the recent studies concentrated on four species 
(OF, FOF, FOO, and 02F2). While these species are now well 
characterized spectroscopically, the enthalpy of formation 
values need confirmatory studies (by direct measurement if at 
all possible). Also, recent studies lend credence to the fact that 
these are the only fluorides which do exist. In the 1960s, when 
many additional fluorides were mentioned, it appeared that 
separation and identification problems existed. 

3.1. References for Historical Perspective 

IG. Gallo, 'Oxygen compounds of fluorine. III,' Atti accad .. Lincei, 19, I, 
753-5 (1910); Chern. Zentr, 1910, II, 544. 

2G. Gallo, 'Attempt to prepare oxygen compounds of fluorine,' Atti accad. 
Lincei, 19, I, 295-9 (1910); Chern. Zentr., 1910, I, 1952. 

4. Summary of the Data for the 
Oxygen Fluoride Species 

4.1. Spectroscopic Information 

The construction of thennodynamic tables for polyatomic 
gas phase species requires a knowledge of the spectroscopic 
constants of the molecule including electronic energy levels 
and quantum weights, vibrational frequencies and structure. 
This infonnation is necessary for any low-lying excited elec
tronic states, as well as the ground state. These data are 
obtained either from direct spectroscopic measurements, from 
theory, or by analogy with other similar chemical compounds. 
In some cases, theoretical quantum mechanical calculations 
are used. There is complete spectral infonnation available for 
gaseous FOO, FOF and 02F2. The other species have not been 
experimentally characterized. Quantum mechanical infonna
tion was used for OFO. 

For diatomic molecules, spectroscopic infonnation on the 
electronic energy levels and vibrational-rotation structure .is 
necessary. Experimental data of this type is available for OF(g). 

4.2. Thermodynamic Information 

The literature survey revealed little or no infonnation on 
the thermodynamic properties of any of the oxygen fluorides, 
except for FOF and 02F2' 

For the gas phase species, OF(g), dissociation energy val
ues are available so that an enthalpy of fonnation may be 
calculated. Experimental fonnation infonnation has been re
ported in the literature for the gaseous oxygen fluorides (OF2, 

02F2, 03F2)' 
There is insufficient data av·ailable to pennit the calculation 

of thermodynamic functions for the condensed phase of any 
of the oxygen fluorides. The literature does not reveal heat 
capacity or enthalpy of formation data for any of these oxides. 
There are some data for the melting, density and vapor pres
sure of the various condensed phase. This information is sum
marized in the reviews listed in Sec. 1. 

5. Discussion of the Literature Data 

The infonnation is discussed in terms of the individual 
oxygen fluoride species. All species cited in Chemical Ab
stracts formula and substance indices are discussed as well as 
those additional species which are mentioned in the individual 
articles. This is not to imply that all those species exist, that 
is, have been isolated and characterized. 

The reaction of fluorine with oxygen under varying condi
tions seemingly yields a mixture of oxygen fluorides. The 
discussion of any particular species is then difficult due to 
the fact that a pure compound has not always been under 
consideration. 

J. Phys. Chern. Ref. Data, Vol. 25, No.2, 1995 
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5.1. OF 

There are many references for OF(g). Unfortunately, there 
are few experimental studies which truly define the spectro
scopic properties of OF(g), including the dissociation energy. 
In searching the literature, many references were found which 
reported dissociation energy values. The same values are re
peated numerous times. We have listed many sources, but 
have NOT included all data collections which simply repeated 
values already given by others. The goal here is to provide 
information on experimental studies and theoretical investiga
tions. Unfortunately, there is no thermochemical data to help 
fix the properties of OF(g). 

For many years, the experimental detection and characteri
zation of OF(g) was futile. Burkholder et al. [S6BURJHAM] 
stated that "the failure to detect OF was due to two factors, 
(a) its very small permanent dipole moment which renders it 
difficult to observe by microwave or gas-phase EPR spec
troscopy and (b) its highly predissociated electronic 
spectrum." 

All references dealing with OF are listed in the following 
eight categories. For the purpose of this article, the primary 
interest is in the spectroscopic and dissociation energy 
information. 

1. Spectroscopy-
Experimental- [5SDURJRAM], [65ARKlREI2], 

[69ARK], [7 1 ANDIRA Y], [72AND], 
[72YAN], [74SMAlFOX], [79MCK], 
[SOAND], [SODYKlJON], [S3MCK/Y AM], 
[S6BURJHAM], [SSHAMISIN] 

Theoretical - [63TAN], [74LAT/CUR], 
[S9SUN], [90FRAIGOL], [91HAA], 
[92KOS/SCH], [93FRAlSU2], [94CHO], 
[94FRA] 

2. EPR-
[65NEU/V AN], [72LEV] 

3. Dipole moment
[S3LAN/BAU], [S3MCK] 

4. Formation/preparation/decomposition-
[33KUt'J, l33KUF/MbNJ, l34KUF/MbNJ, 
[36FRIISCH], [36FRIISCH2], [61 VIS], [62STAI 
SIC], [63HAMlIVE], [63WAL], [65KIR], 
[65MAG], [65NEU/VAN], [68S0LlKAC], 

[74SMAlFOXJ, [74SMAlFOX2] 
5. Kinetics-

[60GRE/LIN], [69LIN/BAU], [70HOMlSOL], 
[71CLY/WAT], [71WAG/WAR], [72HOUI 
ASM], [72LIE], [72W AG/ZET], [73CHE/TUP], 
[73POLlPOL], [74CLY/WAT], [74WIG/BRI], 
[76ALE/NIK], [7SAPP/CL Y], [79GARJTUR], 
[SOBAU/COX], [SlRAY/WAT], [S2ANT], 
[S2BAU/COX], [S2LERJPEE], [S6DOS/CAS], 
[S6PAT/SHA], [S6SWE], [S6THAlSHA], 
[88FRAlGOL], [88RAH/BEC], [88SYMlROS], 
[92BED/MAR], [92BED/MAR2], [92FRA], 
[93BED/MAR], [93BED/MAR2], [93BEDI 
MAR3], [93FRAlSU2] 
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6. Dissociation energy -
Experimental- [34KOB/SCH], [57DIB/REE], 

[59HIL], [65ARKlREI2], [67MAL/MCG] , 
[670GD/TUR], [69ARK], [71CL Y/WAT] , 
[72CZAlSCH], [72LEV], [73BERJDEH], 
[94ZHAlKUO] 

Calculations - [4SGLO], [49GLO], [50SCH], 
[62PRIlHAR], [63PRIIPAS], [65MOR], 
[69ION/ION], [700HAlWAH], [700HAI 
WAH2] , [700HAlWAH3], [72LIEJ, 
[77GLI], [78DEW/RZE], [7SDEW/RZE2], 
[SOGLI], [SOJUG/NAN], [80NAN/JUG] , 
[S6MEL], [90ZHAlFRA], [91BRAlWRI], 
[93FRA], [93FRAlSU], [94CHO] 

Review - [50SCH2], [53GA Y], [5SBRE], 

7. Review 

[62VED/GUR], [63SCH], [66VED/GUR], 
[68GA Y], [69BRE/ROS], [69FRAlDIL], 
[70DAR], [76BEN], [79HUB/HER], 
[82WAG/EV A] 

[6OGEO], [68TUR], [72BRI], [SOSOL] 
S. Miscellaneous 

[62SVE], [65ARKlREI], [73ROZJGUT], 
[SOHARJBLI], [SlLEN/JAF], [S3ALE/FED], 
[S4ALElVOL], [S4DMIIMYR], [S4SAU/TAT], 
[85CHAlCAN], [86JAFI AKE], [S7HER], 
[S7KAR], [S8MAL/PER], [S9THAIPED], 
[90CHIIKRA], [91THO/CAR], [91XIE/XIA], 
[92MCII AND], [92XIE/LIU], [93XIE/XIA] 

There is currently sufficient experimental spectroscopic in
formation to reliably describe the electronic ground state of 
OF, X2TI3/2 (inverted doublet). The calculational results for 
OF were done primarily to provide information on many 
fluorine containing compounds. OF(g) was often included as 
a benchmark species, concentrating on re and We values. The 
vibrational and rotational structure of OF was first fully de
scribed by [S6BVR!HAM]. Earlier work determined in part 
the vibrational (only we) structure or rotational structure. The 
value of A, the splitting of the ground state, has been deter
mined experimentally in five studies [79MCK, 80DYK/JON, 
83MCKIYAM, 86BURJHAM, 88HAMlSIN]. All values are 
summarized in Table 5.1.1. 

The two EPR studies do not provide any thermodynamic or 

spectroscopic information for this review. 
[65NEU/V AN]: Possible formation/identification of OF in 

the irradiation of pure liquid OF2 at 196°C and OF2 in 
CFCb matrix; observed an isotopic doublet. 

[72LEV]: Observed reaction (H + OF2 -t HF + + OF) in 
the microwave cavity of an EPR spectrometer; did not detect 
OF radicals. 

The reported dissociation energy information (experimen
tal, theoretical and reviews) is summarized in Table 5.1.2. 
The early values were based on the assumption that the disso
ciation energy of OF was approximately equal to 112 of the 
enthalpy of atomization of OF2• More recently, there are re
sults derived from quantum mechanical calculations as well 
as photoionization studies. 
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The citations under miscellaneous are: [85CHAJCAN]: Vibrational linewidths 
[86JAFI AKE]: Low lying electronic states 

[62SVE]: Viscosity and thermal conductivity (calculated [87HER]: Review of thermochemical data for S/F/O/H 
values) species 

[65ARK1REI]: Manufacture [87KAR]: Electron affinity 
[73ROZJGUT]: Thermal functions (estimated) [88MAUPER]: Calculations in coal processing gases 
[80HARlBLI]: Electronegativity [89THAJPED]: Electron momentum 
[81LEN/JAF]: Valence calculations on several states of [90CHIlKRA]: Vibrational relaxation 

OF(g) [91THO/CAR]: Vibrational lifetimes 
[83ALE/FED]: Electron affinity [91XIElXIA]: Laser emission (article not obtained) 
[84ALElVOL]: Ionization potential; electron affinity [92MCII AND]: IR spectra of OF complexes 
[84DMIIMYR]: Isotope effects [92XIElLIU]: Calculation of oscillator strength 
[84SAU/TAT]: Partition functions [93XIElXIA]: Six electronic states at MRSDCI level 

TABLE 5.1.1. VibrationaVrotational structure, cm- I 

Source State A We WeXe Be ne Comments 

Experimental Values 
58DURJRAM . Did not observe any OF bands 

65ARKlREI2 1028 Photolysis of OF2 in a N2 or Ar matrix 
at 4K; fundamental IR ab1>01ptioll of 
Ol6F and OI8F; We= 1050 cm -I is a 

value presumably corrected for matrix 
effects by 700HNW AH 

69ARK OI6p 1028.6:t:0.3 IR matrix study 
Ol8F 997.7:t:0.3 

7 lAND/RAY 1028.6 1.36:t:0.03 Matrix infrared spectrum 

nAND ol6p 1028.9:t:0.5 Argon matrix Raman study 
OlsF 998.4:t:0.5 

72YAN 916 Review of trends in We for many di-
atomic molecules 

74SMNFOX FO discussed but no data presented 

79MCK x 2rr -177.3 1044 1.05955:t: 0.01 3475:t: 1.35789:t: CO2 laser magnetic resonance; first 
0.00019 0.000035 0.00025 detection of rotational constant Be; Bo = 

1.05282:t:0.00019 cm- I; first observa-
tion of OF in the gas phase; We can be 
estimated from this data 

80AND Laser Raman matrix isolation spectra; 
restates information obtained In 

nAND 

80DYKlJON -160:t:30 1044 1.35789 He(l) photoelectron spectrum ioniza-
tion of OF(X2rr); estimated splitting of 
ground state; re and We values were 
taken from 79MCK 

83MCKlY AM 2rr312 177.3 * 1033.4829 **1.05285:t: IR diode laser spectroscopy; *wo value; 
0.00009 **Ro value 

86BURJHAM 2rr3/2 -198.3 1053.42 10.23 1.052869 0.01325 1.35412 High resolution Fourier transform 
spectroscopy 

88HAMISIN -193.80 1052.99 9.9003 1.05870547 High resolution IR chemiluminescence 
*-0.068456 (emission); *weYe, WeZe and Weae values 
*-0.0010881 
* -0.00005945 

Calculated Values 

63TAN Molecular orbital theory (3 electron 
bond discussion) 

74LAT/CUR 1.337 Ab initio calculations 
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Source State A 

89SUN 

90FRNGOL 

9lHAA 

92KOSISCH -187.90 

93FRNSU2 

94CHO 

94FRA 

Source 

Experimental Values 

34KOB/SCH 240.58 

57DIB/REE 106.3 

59HIL 

65ARKlREI2 -236.4 

67MAUMCG 

h70GD/TTJR :->167.4 

69ARK >167.4 

71CLY/WAT 215::17 

nCZAISCH 212.5::!:8.4 

MALCOLM W. CHASE 

TABLE 5.1.1. VibrationaVrotational structure, cm- 1 
- Continued 

We WeXe Be <Xe re(A) Comments 

Article not available at this time 

1.344 Ab initio molecular orbital theory 

1017 12.21 1.38 QCISD(T) calculation; We and WeXe 

values given at 4 different levels of 
calculation 

2.5058 Ab initio molecular orbital method 

1542 1.344 Ab initio calculations; re values 
1.328 derived from UMP2I6-31G(d) and 

UMP2I6-311G(d,p) 

1156 8.29 0.01070 Calculations based on deMon density 
functional program 

1542 1.323 Ab initio method; UMP2/6-31G(d) 

TAI:ILb .5.1.2. Dissociation energy/enthalpy of formation, kJ'mol- 1 

!J.rH Temperature 

135.6::42 298 K 

126 

Comments (as reported values) 

Kinetic study of thermal decomposition of OFz 
between 250-270 °C; dissociation energy 
based on average bond energy of OFz; 57.5 
kcal'mol- 1 

Electron impact study; direct calculation not 
feasible from ion data; D(F-O) calculated 
from known !J.rH(OF2,g) and AP(F-); experi
ment suggested D(OF)+D(FO-F)=3.9::0.1 
eV with D(FOF-F)-2.8, D(OF)=J.J eV 

Value derived from !J.rH of OF2; 32.4:: 10 
kcal'mol- 1 

Matrix IR (photolysis of OF2 in a N2 or Ar 
matrix at 4 K) study; location of OF absorption 
indicated (qualitatively) that D (0-F) may be 
higher than the average energy in OF2; similar 
resu.1ts for the chlorine molecules; suggested 
48GLO reasonable; -2.45 e V 

Mass spectrometric investigation of 03F2; no 
specific !J.rH value given; however !J.rH values 
are given for four reactions from which 
!J.rH(OF,g) -30 kcal'mol- 1 

Based on kinetic description of the photolysis 

of fluorine with N20; study suggested lower 
limit for the dissociation energy, DO(OF) >40 
kcal'mol- 1

; 69ARK suggested presence of 
SiF. in fluorine ~ample might have cau~ed a 

problem in the absorption spectra 

Photolysis of OF2-N20 or OF2-C02 mix
tures; observations supported a lower limit es
timate, DO>4O kcal'mol- 1 

Molecular beam study; measurement of ap
pearance potential of OF'" from OF and OF2; 

DO dependent on enthalpy of atomization for 
OF2; 2.25::0.15 eV 

Thermal decomposition of OFz using a 
method; D(O-F) calculated from known 
!J.rH(F2) and the activation of an observed 
reaction 
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Source 

72LEV 

73BERIDEH 

94ZHAlKUO 

Calculated Values 

48GLO 

49GLO 

50SCH 

62PRIIHAR 

63PRIIPAS 

6SMOR 

69ION/ION 

700HAlWAH 

700HAlWAH2 

700HAlWAH3 

72LIE 

77GLI 

7SDEW/RZE 

7SDEW/RZE2 

SOGLI 

SOJUG/NAN 

SONANIJUG 
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TABLE 5.1.2. Dissociation energy/enthalpy of fonnation, kJ·mol - Continued 

243.2=17.4 

236.4 

265.3 

169.5± 12.6 

212.3 

217.1 

209.6 

290 ± 30/ - SO 

109.3±20.9 

109.5±S.0 

113.4 

109.2 

90.S 

106 

135.9 
115.1 

Temperature 

OK 

OK 

29S K 

Comments (as reported values) 

EPR study; 2.34<D°<2.70 eV; 2.52=0.18 eV 
is the recommended dissociation value 

Enthalpy offonnation obtained fromphotoion
ization study; 26.11 ± 2.3 kcal' mol- 1 

Calculated from photoionization efficiency 
spectra and a previous appearance energy mea
surement 

Estimated based on assumption that 
D (OF)~ 1I2D (OF2); supported by data for CIO 
and ChO and trends in CO, NO, O2 and OF; 
[2.45 eV] 

As in 48GLO, estimated from OF:.:; no indica

tion to source of value for OF2 or reason for 
different value for OF; [2.75 eV] 

Calculation; assumes D(F-0)=i/2D(OF2); 

40.5=5 kcal'mol t 

Value was estimated by a method of isoelec
tronic similarity; [2.2 e V] 

Value was estimated in part by a method of 

ioelectronic similarity and because it fits in 
with the total bond energy of OF2 and in com
parisons with the chlorine and fluorine sys
tems; [2.25] e V 

Calculated value, 50.1 kcal'mol- 1
; refers to an 

experimental value of 53 kcal'mol- 1 but no 
indication as to the origin of this value 

Analysis of Mulliken's overlap energies; al
though dissociation energy for OF was dis
cussed, no value was given 

Hartree-Fock wave functions; calculation de
pendent on auxilary infonnation for OF2, 0 
and F; 3.0±0.3, -O.S eV 

Hartree-Fock wave functions; OF mentioned 
only in comparison to SeF and SF 

Hartree-Fock wave functions; -174.19502 
Hartree' 

Comments on the results of 700HAlW AH 

Source of this experimental value not identi
fied 

Observed and calculated enthalpy of fonnation 
values respectively, 26.1 kcal·mol- t

• 32.5 
kcal'mol- 1

; observed value taken from 
73BERIDEH 

MNDO semi empirical SCF-MO method; 
21.7 kcal'mol- 1 

Study directed at use of MINDO approxima
tion for other oxygen fluorides 

Enthalpy of fonnation calculation using 
SINDO and MNDO techniques; value reported 
is the difference between the experimental and 
calculated values; refers to an experimental en
thalpy of fonnation value of 26.1 kcal'mol- 1 

and states that it was taken from Dewer's ear
lier papers (197S); 6.4 kcal'mol- 1 (MNDO, 
tlrH) and 1.4 kcal'mol- 1 (SINDOI; EB) 

No value given 
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TABLE 5.1.2. Dissociation energy/enthalpy of fonnation, kJ'moI - Continued 

Source 

86MEL 

90ZHNFRA 

9lBRAlWRI 

93FRA 

93FRA1SU 

94CHO 

Review 

50SCH2 

53GAY 

58BRE 

62VED/GUR 

63SCII 

66VED/GUR 

68GAY 

69BRElROS 

69FRAlDlL 

70DAR 

76BEN 

79HUB/HER 

R?WAGlF,VA 

D3(FO) 

225.8 

403.7± 188.5 

144.7:t 48.2 

167.36 

1 84:t42 

184.1±41.8 

231.6:!:38.6 

230±40 

215.2 
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Temperature 

102.1 OK 

1I6.3±4.2 

116.3 

116.3±4.2 

106.1 

OK 

OK 

171.5 298 K 

II5:!: 13 

108.8:!:4.2 300 K 

OK 

Comments (as reported values) 

BAC/MP4 calculation of enthalpy of forma
tion; 24.4 kcaI'mol- J 

Ab initio studies using MP theory up to the 
fourth order; enthalpy of fonnation calculated 
using an isodcsmic reaction scheme; 27.8::!:: 1 

kcal'mol- I 

7 different calculations using MRD~CI 
potential surfaces; refers to the 
experimcmal valuc uf 71 eLY IW AT; 1.607 

3.11 eV, 2.29 eV, 2.34 eV; the last value is 
designated as the best value 

Ab initio calculations to investigate stability of 
HOOF in the reaction of HO with OF; refers to 
an enthalpy of fonnalion value of 90ZHN 
FRA; 27.8 kcal'mol- l 

Enthalpy of formation; value taken from 
90ZHAlFRA; 27.8±1 kcal·mor l 

Local density calculation; 4.184:!: l.954 e V 

Review; no value given 

Value based on results of 48GLO; using 
(DF2)=1.6 eV this gives 1.5 eV for OF; 
1.5:!:0.5 eV. (35 kcal'mol- l

) 

Review; recommended a value of 40 
kcal'mol- J 

Assumed DO(OF)=1I2DO(OF2) 

Bascd on rcsults of 57DIB/RBB; 1.1 eV 

The recommended dissociation value was 
based on the assumption D"'(OF)=1I2DO(OF2); 
44::!: 10 kcal'mol- l

; refers to electron impact 
data of 57DIBfREE 

Review; refers to 5 studies with values ranging 
from 1.1 to 2.45 eV; 2A::t:::OA eV (55 
kca]'mol- J

) 

Dissociation energy values; refer to numerous 
studies, preferred results of 65ARKIREI and 
48GLO; 55 kcal'mol- l 

Value taken from Wagman et al. (1968); 41 
kcal'mo\-l; reprinted value in 1982 is different 
Based on three studies, 57DIB/REE. 62VEDI 
GUR, and 68W AG/EV A (reprinted as 
l'l2WAGfEVA); 37:!:.3 kcaI'mol- J 

Review; 26:t 1 kcal'mol- J 

Based on results of 71CLY/WAT; indirectly 
obtained from the difference between electron 
potentials of OF and OF2 and the known en
thalpy of formatkm of OF1~ com.tcterect results 
of700HAJWAH and 72LEV; 2.23 eV 

Reprint of 1968 edition: based on consider
ation of four studies by 66MAUMCG, 
71CLY/WAT, 72LEV and 73BERIDEH 
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5.2. 180F 

Through the photolysis of OF2 at 4 K, Arkell et al. 
[65ARKIREI] observed a fundamental infrared frequency 
which they attributed to OF. Assignments were made in argon 
and nitrogen matrices for '60F and'80F. The calculated iso
topic shift agreed with observations. 

An infrared absorption spectrum, assigned to OF, was ob
served by Andrews and Raymond [71AND/RAY] in the reac
tion of metals with OF2• OF (and '80F) were produced by the 
reaction of metals with OF2 (orI80F2). Andrews [72AND] 
observed the Raman spectra ofOF, '80F and'60F free radicals. 

All references dealing with 02F are listed in the following 
eight categories. Of prime interest are the spectroscopic 
studies. 

1. Rotational constants/structure 
[65ARK], [66SPRlPIM], [66SPRlTUR], 
[67ADR], [67ATHlHIN], [68GORlPOP], 
[69GOLIHA Y], [70HAR], [73CARlMAC], 

[74SIN/NAG], [75BIS/VAL], [75MCC/PAL], 
[79PAN/CHA], [80GLI], [80HIN], [80THYI 
SUB], [84YAMlHIR], [85GOS/RAG], [86MEL], 
[87MCKlBUR], [89BOG/DA V], [90FRAlGOL], 
[91BLE/DAV], [92FRA1ZHA] 

2. Vibrational frequency/spectroscopy-
[65ARK], [66NOB/PIM] , [66SPRlPIM], [66SPRI 
TUR], [71GARlLAW], [74SIN/NAG], [80JAC], 
[84JAC], [84Y AMiHIR], [85KIMlCAM], 
[87MCKIBUR], [88CAM], [88JAC], [89L YM], 
[94JAC] 

3. EPR-
[65KAS/KIR], [65NEU/VAN], [66FES/SCH], 
[66KIRlSTR], [66LA W/OGD] , [66MET/WEL], 
[66WELlMET], [67 ADR] , [68LAW/OGD], 
[70VED/GER], [73CHE/TUP], [75MCClPAL], 
[76CHRJWIL], [76MAT/TUP], [76TUP/MA T], 
[84GLI] 

4. Enthalpy of formation/dissociation-
[58BRE], [61ARMlKRI], [61BRE/ROS], 
[65LEV/COP], [66MALlMCG], [66SPRlTUR], 
[67 ADR], [67MALlMCG], [68LEV/COP], 
[68TUR], [69FRAlDIL], [76MAT/TUP] , 
[77GLI], [78DEW/RZE], [79SHAJKOT], 
[80GLI], [80THY/SUB], [84FRE], [85GOSI 
RAG], [86MEL], [87PAG/RAT], [88CAM], 
[88L YMiHOL], [89L YM], [90FRAlGOL], 
[92FRAlZHA], [94ELLlSEH], [95CAMICRO] 

5. Kinetics-
[37SCH/FRI], [68S0LlKEI], [73CHE/TUP], 
[73ZET], [76MAT/TUP], [78CHE/TUP] , 
[79COO/HOR], [79SHAlKOT], [80BAU/COX], 
[82BAU/COX], [82DAV/TEM], [84CHR], 
[85KIMlCAM], [87PAG/RAT], [88CAM], 
[90CAM], [94ELLlSEH], [95CAMICRO] 

6. Formation/decomposition/detection-
[65KIR], [65MAG], [66MCG/MAL], [68S0L], 
[69GOE/CAM], [73NIKlDUD], [73ROZ/GUT], 
[75ALElNIK], [76ALE/NIK], [78COO/PIL], 
[78LEG/MAK], [80GRIIDIS], [80SMIIWRI], 
[80S0L], [81SLI/SOL], [81SMIIWRI], [83BASI 
VAG], [83TEMlWAG], [86YU], [87FIT/DUN], 
[88MALlPER], [89TIMlPRU], [90FRAlGOL], 
[92CHR], [92LIU/DA V] 

7. Reactions-
[68S0L], [69GOE/CAM], [77COO/PRI], 
[79COO/HOR2], [80COO/HOR], [82COOI 
HOR], [88SYMlROS], [89APP/DOW], [91LUTI 
SMA], [92ALMlHOL], [92MARlSZE] , [94SEHI 
SEH] 

8. Review-
[61MCG], [68TUR], [70DAR], [72BRI], 
[84BURlLAW], [88JAC], [89LYM], [90JAC], 
[94JAC] 

Since this asymmetric molecule is bent, the point group is 
Cs• The three vibrational frequencies are IR and Raman ac
tive. There are numerous studies that report the geometry of 
FOO, either derived from rotational constants or quantum 
theory calculations. These studies are summarized in 
Table 5.3.2. We recommend and adopt the values measured 
by 84Y AMiHIR based on gas phase IR diode laser spec
trometry. Subsequent studies by [87MCKIBUR] and [91BLEI 
DA V] are in excellent agreement. 

Numerous experimental studies have measured the vibra
tional frequencies of FOO, both in the gas phase and matrices. 
In addition, many of the experimental studies have involved 
the observation of spectra due to four isotopic spe
ciesI602F,1802F,160180F, and '80 '60F. The results are summa
rized in Table 5.3.3. There is some confusion in the literature 
due to the assignments of V2 and V3 as to which one is the 
bending frequency. VI consistently represents the 0-0 
stretch. All reported values an~ in good agreement. We recom
mend and adopt tli~ gas phase vibrational frequencies as sug
gested by [94JAC] in her review. The adopted frequencies are 
based on the results of 66SPRITUR, 84Y AMiHIR, 85KIMI 
CAM and 87MCKIBUR. 

Gosavi et al. [85GOS/RAG] assigned 2 A" as the ground 
state of FOO and 2 AI as an excited state at approximately 1.07 
eV (24.7 kcal'mol- ' , 103.2 kJ'mol- ' , 8630 cm- I). Total ener
gies were computed by CI calculation at the SCF level opti
mized geometry. Numerous authors stated that the ground 
state of this free radical has doublet character including 
[66SPRlTUR,89BOG/DAV]. 

There are numerous EPR studies on the oxygen fluorides, 
including FOO. In most of these studies, a spectra was associ
ated with the radical FOO which was formed under a number 
of decomposition conditions (photolysis). In all cases the rad
ical was assumed to be a nonlinear molecule with a doublet 
ground state. Refer to the discussion for 03F for a possible 
reinterpretation of this EPR data. The EPR articles are listed 
in the following summary table. Unfortunately, no specific 
structural information was provided in these studies. 

J. Phys. Chern. Ref. Data, Vol. 25, No.2, 1996 
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There are no direct measurements for the enthalpy of for
mation or dissociation energy (of either bond) for this FOO 
radical. However, there are numerous kinetic studies from 
which bond dissociation energy was derived based on the 
89L YM discussion, 87P AG/RA T and 88CAM. These values 

are listed in Table 5.3.4. The results discussed in the mass 
spectral studies [65MAL/MCG, 66MAL/MCG, 67MALI 
MCG] are not reasonable in comparison to the more recent 
kinetic studies. We recommend and adopt an enthalpy of 
formation value AfHO(FOO, g, 298.15 K) = 23 kJ·mol- l

• 

Source 

65KAS/KIR 

65NEUIVAN 

66FES/SCH 

66KIRlSTR 

66LAW/OGD 

66MET/WEL 

66WEUMET 

67ADR 

68LAW/OGD 

70VED/GUR 

73CHEITUP 

75MCC/PAL 

76CHRIWIL 

76MATITUP 

76TUP/MAT 

84GLI 

TABLE 5.3.1. EPR spectra assigned to FOO 

Technique 

EPR spectra of FzOz and FZ0 3 

EPR spectra of the decomposition of FSOzOOF 

EPR spectra during electron irradiation of liquid CF4-OZ 

EPR spectra of O~z, OzFz and OF2 

EPR NMR spectra of OzFl in CF,Cl 

EPR study of liquid OF2; with photolysis. observed a radical classified OxF 

EPR spectra of 02F2; isotopic species (1700F, 0170F, l702F) contributed to the paramagnetism 

IR lUld EPR sJXctra of 02P 

EPR-NMR spectra of 02F2 

EPR study of F-O system 

IR spectroscopy and EPR spectra of OF, 02F and 02F2 

SCF-MO calculations, EPR spectra of FOO 

EPR study of dioxygenyl salts; spectra in excellent agreement with other FOO studies 

Ekurunil: ab:surpliull spt:l:lra amI EPR of 02F and 02F2 

EPR spectrum of FOO 

Calculated spin density and hyperfine coupling constants; refers to 67 ADR 

TABLE 5.3.2. Rotational constants/structure 

Source Rotational constants, em-I 
ABC 

Bond distance, 
(F-O) (0-0) 

Bond 
angle 

Comments 

65ARK 1.63 

66SPRIPIM 

66SPRITUR 1.575 

67ADR 1.575 

67ATHIHIN 

68GORIPOP 1.19 

69GOUHAY 1.63 

J. Phvs. Chem. Ref. Data. Vol. 25. No.2. 1996 

1.22 100 .' 

1.217 109.5 

1.22 90.5 

bent 

1.19 110.6 

1.23 

IR spectra in matrix (Ar, O2, N2) isolated F02 

at 4K 

Discusses bending in oxygen fluorides and re
lated compounds; does not give a quantitative 
structure for 02F 

IR spectra of N2, Ar, and O2 matrix isolated 
FOO at 77 K; molecular parameters are 
analogous to those of 02F2 

Assumed bond angle; bond distances are taken 
from OzFz 

Unrestricted Hartree-Fock method with 
CNDO/2 approximation; authors assumed 
molecule was bent; no quantitative geometry 
given 

Calculated geometry via INDO self-consistent 
theory; no experimental data available for 
comparison 

Nonempirical LCAO-MO-SCF calculations to 
determine the relative stability of FOO and 
OFO; estimated geometry; the bond distances 
are taken from 65ARK 



NIST-JANAF THERMOCHEMICAL TABLES FOR THE OXYGEN FLUORIDES 563 

TABLE 5.3.2. Rotational constants/structure - Continued 

Source Rotational constants, cm- 1 

ABC 

70HAR 

73CARIMAC 

74SIN/NAG 

75BISIVAL 

75MCC/PAL 

79PAN/CHA 

80GLI 

80HIN 

80THY/SUB 

84YAM/HTR ?1'\19+0.017 0.11400R 0.'9<:;11'\<:; 

85 GOS/RAG 

86MEL 

87MCKIBUR 2.613396 

89BOG/DAV 2.616116 

90FRAIGOL 

91BLEIDAV 2.6161477 

92FRAlZHA 

0.333987 0.295403 

0.33-102-182 0.2953756 

1I2(B+C)=0.314704075 
1I2(B - C)=O.O 19324842 

Bond distance, r(A) 
(F-O) (0-0) 

1.195 

1.575 

1.19 

*1.575 

1.496 

1.43 

l.n49± 

0.013 

1.4402 
1.4280 
1.3810 

1.3606 

1.35 

1.380 
1.383 

1.709 

1.220 

1.217 

1.195 

* 1.217 

1.211 

1.32 

L200± 
0.013 

1.3328 
1.4586 
1.2547 

1.3792 

1.254 

1.437 
1.250 

1.198 

Bond 
angle 

bent 

112 

109.9 

*109.5 

117.1 

109 

111.19 

=0.36 

106.7 
100.92 
107.73 

101.18 

107.6 
109.6 

111.8 

Comments 

Discusses bond orders in FOO and 02F2; as
sumed a bent molecule but no quantitative data 
given; refers to 68TUR review for bond 
lengths and force constants 

CNDO/2 method 

These values were taken from the data of 02F2; 
incorrectly stated that no experimental struc
tural data available 

SCF-INDO method used to calculate the 0-0 
bond length and the angle; assumed an F-O 
distance 

SCF calculations of the g-tensor; ESR; 
*adopted values from 66SPRffUR 

Isotropic hyperfine coupling constants esti
mated by SCF-MO-LCAO-UHF-MINDO/3; 
no quantitative infonnation on stnJcture was 
given 

Calculated using MINDO approximation 

SCF-MO calculations 

Assumed force constants and structure from 
66SPRITUR 

Ga<: phase IR diode laser spectrometry: 
molecular constants for the V2-0 

Ab initio molecular geometry optimization 
at the RHF-SCF level with 6-31 G and 6-31 G* 
basis set for 2AII; confinns the 2AII stntc for the 

ground state as suggested by 66FESISCH and 
67ADR; 
2 At is suggested as the excited state 

BAC/MP4 calculations 

Fourier transform infrared spectra; rotational 
constants for the Vo band 

Microwave Gpectrum; original units in GHz, 
presented here in em- I 

Theoretical geometries were 
calculated at the RHF/6-31 G* level and the 
UMf'216-31 G'" level 

Infrared LMR spectra at wavelengths 
near 920j.Lm; original units in GHz presented 
here in cm- 1 

Structure calculated using MP-CASSCF-QCI; 
geometries for 11 different levels of calcula
tion presented; values given here refer to 
QCISD(T)-6-3I G(D) 

J. Phys. Chern. Ref. Data, Vol. 25, No.2, 1995 
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Source 

65ARK 

66NOB/PIM 

66SPRIPIM 

66SPRITUR 

71GARILAW 

74SIN/NAG 

80JAC 

84JAC 

84YAMJHlR 

85KIMICAM 

87MCKIBUR 

88CAM 

88JAC 

89LYM 

94JAC 

Source 

61ARMIKRI 

61BREJROS 

65LEV/COP 

65MAUMCG 

F(160 2) 
180160F 

Fes02) 
160180F 

Fe602) 
ISOl60F 

Fe SOl) 
160180F 

>154.3 

>154.3 

14.5 

0.1 
-105.1 

VI 

1494 

1495.0 
1453.9 
1453.9 
1411.7 

1499.7 
1459.7 
1416.4 
1459.7 

1490 

1490 

1490 

1489 

1487 

1490 

1486.96 

1490.0 

1486.93 
1500 
1490 
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TABLE 5.3.3. Vibrational frequencies, cm- I 

V2 V3 Comments 

584 IR spectra of matrix (Ar, O2, N2) isolated Faa at 4 K 

584.5 376.0 IR spectra of N2 matrix isolated FOO are based 
581.2 on the measurements of 4 isotopic species; V3 is the 
563.4 bending frequency 
560.1 366.6 

Discussed possible bonding in FOO but relies on earlier data 

586.4 376.0 IR spectra of the Nl , Ar, and 01 matrix isolated FOO at 77 K 
586.4 366.6 is based on measurements of 4 isotopic species; electronic 
562.5 366.6 ground state is a doublet and V3 is the bending frequency 
562.5 376.0 

586 Prime measurement was the IR and Raman spectra of solid and 
matrix isolated OlF2; observed the decomposition to 02F 

Used values of 66SPRrfUR and 66NOB/PIM 

583.5 Ar matrix spectrosopy; agree well with results of 65ARK and 
66SPRITUR 

376 579.32 Review; VI and V2 values are based on IR spectra of matrix iso-
lated (Ar or Nl ) studies of 65 ARK, 80JAC and 66SPRITUR 
respectively; V3 is based on the diode laser gas phase study of 
84YAMIHIR 

579.32 Gas phase IR diode laser spectroscopy 

Laser flash photolysis of the gas phase OlF radical 

579.32 Fourier transform IR spectra of 02F; v2+v3-940 cm -I, 2V3= 1142 
cm- I, v2+2v3",,1496 cm- I, 2vI=2948 cm- I 

FTIR study of equilibrium between 02F and 01F1 and O2 

376 579.32 VI and V3 are based on the gas phase IR studies of 85KIMICAM, 
87MCKIBUR and 84Y AMiHIR; V2 is based on the Nl matrix 
isolated 5tudy of 66SPRITUR 

376.0 579.3 Based on the laser flash photolysis results of 85KIMICAM, the IR 
diode laser values of 84Y AMiHIR, the IR results of 66NOB/PIM 
and the argon matrix study of 80JAC 

579.32 Review; V2 is the bending frequency; reported values are from 
376 586 66SPRITUR, 84Y AMiHIR, 85KIMICAM and 87MCKIBUR; 

584 1 st line is gas phase, 2nd line is N2 matrix. and 3rd line is Ar 
matrix studies 

TABLE 5.3.4. Enthalpy of formation, kJ'mol- 1 

Reaction 

F02(g)=F(g)+20(g) 

M02(g)-'7M(g)+20(g) 

FOO~F+02 

FOO~F+02 

F00-'70+0F 

Comments (as reported values) 

Review; estimate taken from 61BREIROS 

Estimated enthalpy of formation based on trends in atomization 
~n~rgie,,: thi" vallie may refer to OFO (rather than FOO): 
~rHO(298 K)- <100 kcal'mol- I 

Calculated ~fH-3.5 kcal'mol- I from an estimated ~rH=17.3 
kca!'mol-\ for 02F2=FOO+F; assumed enthalpy of formation of 
02P2 was 4.73 kCll!'mo!-1 from 59KIRlCROj this led to 

DO(F-02)=15 kcal'mol- I 

Mass spectrometry; enthalpy of formation 
was derived from dissociation energy values; assumed D(F-02)= 
0.8 eV. ",18.45 kca!'mol- I; D(O-OF)= 4.8 eV. =110 kca)·mol- I 

[these two values are not at all consistent with the currently 
adopted D(FO)] 



Source 

66MAUMCG 

66SPRITUR 

67ADR 

67MAUMCG 

68LEV/COP 

68TUR 

69FRAIDIL 

76MATITUP 

77GLI 

78DEW/RZE 

79SHAIKOT 

80GLI 

80THY/SUB 

84FRE 

85GOS/RAG 

86MEL 

87PAG/RAT 

88CAM 

88LYMIHOL 

89LYM 

90FRAlGOL 
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0.1 
105.1 

-73.34 

14.5 

2.0 

-105.06 

14.401 

14.401 

102.6 

23.44 

-1.9 

52.14 

99.6 

27.94±2 

18.9 

24.81 ± 1.7 

24.73:!: 1.7 
24.81::!: 1.7 
25.98 
25.77 

TABLE 5.3.4. Enthalpy of formation, kJ'mol- 1 
- Continued 

Reaction 

FOO~O+OF 

OZP--70ZTP 

02F~0+OF 

FOO(g)~F(g)+20(g) 

F+02=F02 

20zF=OzFz+Oz 

Comments (as reported values) 

Mass spectrometry; enthalpy of formation 
was deri ved from dissociation energy values; assumed D (F - O2)= 
0.8 eV, -18.45 kcal'mol- I; D(O-OF)- 4.8 eV, =110 kcal'mol- I 

[these two values are not at all consistent with the currently 
adopted D(FO)]; claimed these results supported earlier study 
65MAUMCG 

Thermal functions calculated but no enthalpy of formation given; 
normal coordinate analysis suggested 0-0 double bond as in O2 

and FOOF and a much weaker F - 0 bond 

Derived bond order from EPR results, estimated D(F-02) ~36 

kcal'mol- t 

Mass spectrometry; reaction scheme and enthalpies given for the 
decomposition of 03F2; described in terms of FOO radical; no 
enthalpy of formation given 

Discussed stability; suggests the F-02 bond is approximately 15 
kcal'mol- I as in 65LEV/COP 

Review; gives two modes of decomposition; reported 18 and 

110 kcal'mol- I respectively (from 65MAUMCG); these two val
ues are not at all consistent with the currently adopted D (FO) 

Review; value taken from JANAF (1967); D..rHO(298 K)== 3.0 
kcal'mol- I 

Could calculate a limiting value based on the photochemical de
composition 02F~02+F; discussion mentions dissociation values 
from 65MAUMCG 

Value extracted from JANAF (1967); D..rH°(298 K)== 3.0 
kcal'mol- I 

D..rH°(298 K)= 24.1 kcal'mo!-I; calculated enthalpy of formation 
uy the hi:1lf-ckl.:tlUlI lIIcthuu; rcfcrs Lu i:1 vi:1luc uf 3.0 lI.l.:i:1huul- 1 

from the JANAF Tables 2nd Edition 

EPR measurement of rate constants 

MINDO approximation; total energy is 1095.4976 eV 

Calculated the enthalpy of atomization (136.9 kcal'mol- I) based 
on force constants data; refers to 66SPRITUR value of l35.0::!:5 
kcal'mol- I 

Reactions in O2 matrix by visible and UV radiation of Hg arc; 
laser irradiation; spectral range of F2+02 reaction is 
14500-16600 em-I; enthalpy of reaction value given in introduc
tion (31 kca!'mol- I); no source given for data; 

Molecular geometry optimization at the RHF-SCF level with 6-
31 G and 6-31 G* basis sets; total energies computed by CI calcu
lations at SCF level optimized geometry 

BAC-MP4 theory; 23.2 and 23.8 kcal'mol- I given for 298 and 
o K respectively 

Spectrokinetic study (295-359 K) == - l2.62::!:O.5 kcal'mol- t
; gas 

phase equilibrium; led to D(F-02)=11.68±O.5 kcal'mol- t 

Gas equiIibrium;FTIR study; yielded K=22 at 286 K 

Derived from a kinetic study of reactions of fluorine atoms with 
oxygen; derived D..rH(298 K) == 5049 ± 0.40 kcal'mol- t 

5047::!:0o4kcal'mol-\ recommended value based on mean of three 
studies; 5.49::!:004 kcal'mol- I based on interpretation of 
88L YMiHOL; +5.77 kcal 'mol- l based on preliminary analysis 
of unpublished results; value calculated by Lyman based on data 
of 85KIMICAM and 79SHAIKOT (5.16 kcal'mol- t

); both of 
these works are kinetic studies; results of 65LEV/COP also dis
cussed 

Enthalpy of formation was underestimated by two different levels 
of ab initio MO calculations; refers to 4 experimental values: 
87PAG/RAT, 89LYM, JANAF (3rd Edition), 76BEN 

J. Phys. Chern. Ref. Data, Vol. 25, No.2, 1995 
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TABLE 5.3.4. Enthalpy of formation, kJ'mol- 1 
- Continued 

Source 

92FRNZHA 

94EUJSEH 

95CAlCRO 

37.24:::!: 12.6 

27.94:t2 

49.S::!:l 

Reaction 

FOO~F+02 

FOO~F+02 

Welsh et at. [66WELIMET] studied the EPR spectra of the 
three 02F isotopic species (0170F, 1700F, I70 2F). This article 
is discussed with the other EPR~related studies in the FOO 
section (Sec. 5.3) as is the related study by Fessenden and 
Schuler (66FES/SCH]. 

5.5. HOOF 

Welsh t:t ul. [GGWELIMET) studied the EPR spectra of the 
three 02F isotopic species (OI70F, 1700F,170 2F). This article 
is discussed with the other EPR-related studies in the FOO 
section (Sec. 5.3) as is the related study by Fessenden and 
Schuler [66FES!SCH]. 

We1sh et at. [66WEL/MET] studied the EPR spectra of the 
three 02F isotopic species (0170F,1700F,170 2F). This artic1e 
is discussed with the other EPR-related studies in the FOO 
section (Sec. 5.3) as is the related study by Fessenden and 
Schuler [66FES/SCH]. 

5.7. 0 180F 

Singh and Nagarajan (74SIN/NAG] surveyed the vibra
tional spectra studies on four isotopic species 
C60 180 J9p, 180 I80 I9p, I8016019p, I60I80I9p). The authors calcu-

lated root mean square amplitudes, molecular polarizability 
and thermal functions for these four species. The fundamental 
vibrational frequencies were taken from the work of [66NOB/ 
PIM] and [66SPRlTUR]. The molecular structure was as
sumed to be similar to that derived from FOOF [66SPRI 
TUR]; reO-F) =: 1.575A, r(O-O):: 1.217;\, L(OOF) 
109°30". The structure duta is included in Table 5.3.2, 
whereas the vibrational frequency information is noted in 
Table 5.3.3. 

Singh and Nagarajan [74SIN/NAG] surveyed the vibra
tional spectra studies on four isotopic species 
(,60I80I9p,18018019F,J80J6019F,16018019p). The authors calcu-

lated root mean square amplitudes, molecular polarizability 
and themial functions for these four species. The fundamental 
vibrational frequencies were taken from the work of [66NOBI 
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Comments (as reported values) 

Enthalpy of formation (TIK-O)-S.9:!:3 kcal'mol- 1
; calculated by 

MP perturbation, CASSCF, and QCI ab initio MO methods 

Refers to F-02 bond strength .. 13 kcal'mol- 1 from 87PAG/RAT 

F + O2 reaction system studies under high pressure and low 
temperature conditions; K determined below 315 and 4'0 K 

PIM] and (66SPRlTUR]. The molecular structure was 
assumed to be simi1ar to that derived from POOP [66SPRJ 
TUR]; r(O-F) = 1. 575A, r(O-O) = 1.217A, L(OOP) = 

109°30". The structure data is included in Table 5.3.2, 
whereas the vibrational frequency information is noted in 
Table 5.3.3. 

5.9.0FO 

The calculations by Gole and Hayes [69GOL/HA Y], based 
on doublc-zetu sp basis set SCF total energy culculutions us a 

function of OPO bond angle (assumed 0-P bond distance of 
1.19 A), predicted the ground state to be2 B 1 with a bond angle 
of 128.22°. Using the authors results for CIOz one would 
estimate the uncertainty of this bond angle is of the order 
± 4°. The non-empirical LCAO-MG-SCF calculations an 
02F indicated that OFO was thermodynamically unstable rel
ative to FOO by over 100 kcal'mor t

, However, the possible 
existence of a kinetically stable OPO species was not ruled 
out. No vibrational frequency information was provided. 

Molecular geometry optimization of the 2Bb 2B 2, 2AJ. and 
Z Az states of 01"'0 and the 2 A" and 2 A' states of FOO was 
carried out at the RHF-SCP level with 6-3 I G and 6-31 G* 
basis sets [85GOS/RAG]. These calculations predicted the 
2B I and 2B, states of OFO to lie close in energy, with the 2Bz 
state lying approximately 3 kcal'mol- I lower and designated 
as the ground sCate. These calculations yielded the result that 
FOO was more stable than OFO by 85 kcaI·mol- I. This order 
could change with complete optimization at the ful1 CI level. 
The corresponding calculations for FOG were stated to be in 
agreement with experimental observations. These calcula
tions (OFO) assigned a bond distance of 1.5591A and a bond 
angle of 76.75°, No information is given on the vibrational 
frequencies. 

5.10. O~F 

The photochemical reaction between fluorine and ozone 
was stated to produce 03F as an intermediate [62STNSIC]. 
No information was provided as to Its vibratIonal frequencies 
or enthalpy of formation. 

In ex.amining the irradiation of a mixture of Fi. and O2 using 
a water filter, Arkell [65ARKJ tentatively assigned a band at 
1503 cm- 1 to 03F. No other information was given on this 
radical. 

The EPR spectra obtained by Kasai and Kirshenbaum 
[65KAS/KIR] on 02F2 and 03F2 were identical. Although the 
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spectra was attributed to FOO, a later reference [72MCCI 
PAL] suggested that the radical was really 03F. 

McCain and Palke [72MCC/PAL] , in their study of the 
hyperfine coupling constants, stated that the data for FOO 
shows very poor agreement. A comparison of experimental 
data with calculations suggested that the radical was actually 
03F. 

Glidewell [SOGLI], using MINDO approximation, calcu
lated the geometry and enthalpy of formation (+ 107.69 
kJ'mol- I

), and predicted an asymmetric molecular structure 
of F-01-02-03 for 03F: r(F-OI) = 1.489A, r(01-02) 
= 1.314A, . r(02-03) = 1.257A; L(F-01-02) = 116.2°, 
L(01-02-0 3) = 124.2°, L(F-01-02-03 ) = 53.1 0. It is im
portant to note that this compound does not have a pyramidal 
structure, in contrast to the other halogen oxides (X03) which 
arc thought to have a pyramidal structure. No vibrational 

frequencies were provided. 

In examining the irradiation of a mixture of F2 and O2 using 
a water filter, Arkell [65ARK] tentatively assigned a band at 
1512 cm- 1 to O~. TIle author proposed the formation of 03P 

from the decomposition of O.? No other data as to the struc
ture or vibrational frequencies were provided. 

Spratley and Pimentel [66SPRIPIM] discussed the bonding 
in fluorine oxygen compounds. Although the O.? radical was 
not specifically discussed, it was presented in a table with the 
structure F-O-O-O-O. No other information was provided. 

Goetschel et al. [69GOE/CAM] , in their radiolysis of 
O2- F2 mixtures, briefly mentioned that the existence of O.? 
would be consistent with some of their observations. No data 
~as provided. 

Christe et al. [76CHRlWIL], in their study of dioxygenyl 
salts, briefly referred to the possible formation of O.? No 
spectroscopic or thermodynamic information was provided. 

Glidewell [SOGLI], using MINDO approximation, calcu
lated the geometry and enthalpy of formation (+ 134.0 1 
kJ'mol- I

), and predicted the structure F-01-02-03-04 for 
O,jF: reF-Oj) = 1.488;\, r(0,-02) = 1.312;\, r(02-0J) 

= 1.439A, r(03-04) = 1.253A; L(F-01-02) = 110.1°, 
L(OI-02-03) = 122.0°, L(02-03-04) = 123.3°, 
L(F-01-02-03) = 80.4°, L(02-03-04 = 47.S0). It is im
portant to note that this compound is not of a tetrahedral 
structure, in contrast to the presumed structure of the other 
(X04) halogen oxides. No vibrational frequencies were 
provided. 

5.12. OF2 

As mentioned in the introduction, the following does not 
represent a complete coverage of all references dealing with 
OF2• As a result, coverage in tbe areas dealing with prepara
tion, reation, kinetics and patents is not complete. Note that 
many of the enthalpy of formation and dissociation studies 
refer back to the same experimental studies. Thus, there is not 
much firm experimental data for the enthalpy of formation. 
The remaining references dealing with OF2 are listed in the 
following ten categories: 

1. Preparation/formation/decomposition-
[27BRA], [27LEB/DAM], [29LEB/DAM], 
[33RUF1, [34KOB/SCH], [39YOS], [59RIC], 
[62GAT/STA], [64GAT/STA] , [65KIR], 
[65NEU/V AN], [66HEN/RHO], [670GD/TUR] , 
[6SS0L/KAC], [69DAU/SAL], [71AND/RAY], 
[72HOUI ASM], [73NIK/DUD], [79NIE], 
[92BED/MAR] 

2. Physical properties-
[30RUF/CLU], [30RUF/MEN], [31RUF/MEN], 
[31RUF/MEN2], [32RUF/EBE], [51 TOO], 
[5IT002], [52AND/SCH], [52SCHlSHE], 
[52THO], [57GAL], [59KIRlGRO], [62SVE], 
[630SH], [63W AL], [65BIS/HAM2], [66FEI], 
[66LIP/NAG], [66THI], [69RIP/ZER], [72LIE], 
[73ROZ'GUT], [74MIK], [76ALE/NIK], 
[SIPALlHIO], [82CRU/AVR], [83AYMlPAR], 
[S5EPIILAR], [90SAAIKAU], [930HW] 

3. Enthalpy of formation -
[30RUF/MEN], [30WARlKLI], [31RUF/MEN2], 
[31WAR], [33YOS/HAT], [36BIC/ROS], 
[50BRE/BRO], [50LUF], [50SCH2], [52ROSI 
WAG], [54COU], [55EVAIMUN], [61ARMI 

KRI], [65BIS/HAM], [65BIS/HAM2], [66BISI 
HAM], [66VED/GUR], [67MALlMCG], 
[67TRO/W AG], [6SKINI ARM], [69FRAlDIL], 
[71CLY/WAT], [72HOU/ASM], [75BIN/DEW], 
[76KOE/JOL], [77GLI], [7SDEW/RZE], 
[SOGLI], [S3DEKlJAS], [S6MEL], [S7HER], 
[SSTYK], [S9LIV/TAK], [90VAN/KEL] 

4. Reactions-
[33ISH/MUR], [34ISHlMUR], [35ISH/SAT], 
[35ISH/TAK], [41AOY/SAK], [45DAU/HAI], 
[62WIE/MAR], [63RHE], [69LIN/BAU], 
[72LEV], [92BED/MAR], [93BED/MAR], 
[93JAC/KRA], [930HW] 

5. Spectroscopy/vibrational frequencies: 
Experimental- [35HET/POH2], [36POH/SCH], 

[36'SUT/PENj; [42BAR], [50BERlPOW], 
[51 JON/KIR], [51 NIP], [62AGA IGRA], 

[65ARKlREI2], [66NEB/MET] , [66SPRI 

TUR], [67MORlYAM], [670GD/TUR], 
[71AND/RAY], [71GARlTUR], [7ITREI 
SA V], [72AND], [79KOLlKON], [83TAUI 
JON], [86TAU/JON], [87TAU] 

Theoretical [SlPOP/SCH], [82MARlRAO], 
[87BUR/SCH], [88THVSCU], [90ANDI 
PAL], [90SAAIKAU] 

Force constants - [36PEN/SUT], [51DUCI 
BUR], [52LIN/HEA], [56GOU/BUE], 
[59VEN/THI], [61PIE/JAC], [62NAG], 
[620KAIMOR], [62VEN/THA], [63NAG], 
[63PIE/DIC], [63VEN/THAJ, [64RAJ], 
[65KUClMOR], [66KUC/MOR], [66MORI 
SAl], [66POP/SEG], [670GD/TURJ, 
[68CYV/CYV], [69BRU/RAF], [70NAR], 
[70THAlRAI), [70RED], [71TIMlGOD], 
[72KIR], [72MOH/MUE], [72NAT/RAM], 
[72SRVJEY], [73SIC], [74SIM/CHO], 
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[74SIMINOV], [75DIAISIM], [75SPE/SPI], 
[76ALIIRAI], [76GIRlSAS], [77VIZJSEB], 
[80VIZJSEB], [83DWI], [84CYV/CYV], 
[84WAS/MOO], [87KEE], [90AND/PAL], 
[93ALUCSA] 

Electronic spectra - [34GLIISCH], [3SHETI 
POH], [83BUS/SIB], 

Miscellaneous - [46GOR], [S3ARO], [S7DICI 
LIN], [60WUL], [61DURlBAT], [61PIEJ 
JAC], [63PIE/DIC2], [6SSTRlSTR], 
[67NEB/MET], [68PET/SCR], [69BONI 
PET], [69POC/STO], [70BRO/BUR] , 
[71HOL], [71RAD/HEH], [72ROB/KUE], 
[74MIN/MIT], [79NIE], [79SUG/KAU], 
[80MAY], [81ZHIIKOL], [83SCH/KAT], 
[R4MAG], [R4TAK/HOS], [90MAG], 
[92MCII AND], [93MAG], [93WAT], 
[94LIIHON] 

6. Dissociation energy/ionization potential-
L32PAUJ, L34ULlI~CHJ, L45~KIJ, l46WICj, 
[48GLO], [49GLO], [49POT], [SOSCH], 
[5SAOK], [57DIB/REE], [63PRIIPAS], [63SCH], 
[65MOR], [66VED/GUR], [67TROJWAG], 

[70DAR], [71CLY/WAT], [71CORlFRO], 
[72BRU/ROB], [72CZAlSCH], [73BERlDEH], 
[73ROT/SCH], [77GLI], [78CHO/HER], 
[78LEOIMED], [80VAUVAS], [81LAN/CHO], 
[84ALE/VOL], [92CHO] 

7. Geometry I structure: 
Experimental- [3SBOE], [3SBOE2], [3SHETI 

POH], [3SHET/POH2], [3SSUT/BRO], 
[36POHlSCH], [SOBERlPOW], [S3IBEI 
SCH], [61HIUJAC], [61PIE/JAC], [63PIEI 
DIC], [66MORlSAI], [71 TRE/SA V], 
[83TAU/JON] , 

Theoretical- [S1DUC/BUR], [63SCH2], 
[66BUE/PEY], [66POP/SEG], [66SPRI 
PIM], [67 ALL/RUS], [68GORlPOP], 
[70NEW/LAT], [73SIC], [74MIN/MIT], 
[7SBIN/DEW], [76PLE/KOC], [79SCHI 
CRU], [80GLI], [80LA W/V AS], [80V ALI 
VAS], [82AHUTAY], [82MARlRAO], 
[82ZHU/MUR], [83DEK/JAS], [83DWI], 
[83MARlDIX], [86DWI], [86MEL], 

[87REE/SCH], [88THIISCU], [89BAI], 
[90SAAIKAU], [92GIUROB], [94GIMI 
ZHA] 

Review - [36BRO], [37STU], [40MAX], 
[76CAUHIR], [79HARILAU] 
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8. Review-
[33YOS/HAT], [36BIC/ROS], [36BRO], [40SIDI 
POW], [41SCHlSTE], [46WIC], [SOBREJBRO], 
[S2ROS/WAG], [S4COU], [SSEVAlMUN], 
[6OGEO], [61ARMlKRI], [63STR], [66FOXI 
JAC], [66VED/GUR], [68TUR], [69FRA1DIL], 
[70DAR], [72BRI], [78LEO/MED], [84BURI 
LAW] 

9. Dipole moment-
[60BRAlKUN], [60DOD/LIT], [61PIEJJAC], 
[66POP/SEG], [67POP/BEV], [68BON/PET] , 
[68PET/SCR], [73ROT/SCH], [74BRO/WIL], 
[74BRU], [7SPEI], [8SDEUPRI], [8SKOLlSHC], 
[89LIV/TAK] 

10. EPR-
[65FL V], [n:'iNRU/VAN], [nnT .AW/OGD], 

[66MET/WEL], [72LEV] 

The geometry and vibrational frequencies of Oh were well 
established by the early 19S0s. As a result, there are numerous 
studies involving the use of this information in force con
stants, vibrational amplitude and inertial defect studies. In 

these types of studies there is normally no new spectroscopic 
information available. As a result, these articles will not be 
discussed. Similarly, articles listed under miscellaneous in
clude studies which do not provide any new experimental or 
theoretical information of interest for this review. The vibra
tional frequencies are summarized in Table S.12.1, while the 
geoemtry and structure data is summarized in Table S.12.2. 

Since this symmetric molecule is bent, the point group is 
C2v • There are three vibrational frequencies, all of which are 
IR and Raman active. 

The enthalpy of formation has been established experimen
tally by King and Armstrong [68KINI ARM]. These authors 
provided an excellent discussion of previous experimental 
studies [30RUF/MEN, 3 OWARlKLI , 6SBIS/HAM, 6SBISI 
HAM2]. The cll;rrent adopted value is based on the flame 
calorimetry study of [68KIN/ARM]. All reported enthalpy of 
formation studies are summarized in Table S.12.4. 

There are numerous articles which refer to dissociation 
energy results. It is not always clear what the definition of the 
dissociation energy is. Most are used to derive the enthalpy of 
formation for FO. These studies have all been sUIIlIUariz.t:tl ill 
Table S.I.2, earlier in this paper. Dissociation energy studies 
are listed in Table S.12.3; however, they do not provide 
definitive enthalpy of formation values for either FO or FOF. 
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TABLE 5.12.1. Spectroscopy/vibrational frequencies, cm- I 

Source VI V2 V3 Comments 

35HET/POH IR spectra between. 1 and 2711 

35HET/POH2 IR spectra; vibrational frequencies observed bUl assignments for 
the 3 specific frequencies not made 

36POHISCH 870 1280 1740 IR absorption spectra 

36SUT/PEN 833 492 1110 Reinterpretation of the absorption spectra 

42BAR IR spectra; no assignments made 

50BER/POW 929 461 828 IR spectra of OF2(g) 

5lJON/KIR 928 461 831 IR spectra; comparisons made with 35HET/POH2; V2 not directly 
observed 

5lNIE Explanation of history of some previous studies; no data given 

62AGAIGRA IR spectra; no assignments made 

65ARKlREI2 929 461 826 Matrix IR studies; values from another unnamed source 

66NES/MET 945.1 470.4 858.8 IR spectrum; reinvestigation of Fermi resonance; harmonic fre-
quencies and harmonicity constants also given 

66SPR/TUR IR spectra of products of photolysis of F and 0 in a matrix; 3 
observed frequencies assigned to OF2; V2 not observed; no assign-
ments made 

67MOR/YAM IR spectra; attempt to examine the Fermi resonance between VI 

and 2V2 states; rotational constants given 

670GDITUR 16OF2 925,915 461 821 IR matrix spectra of 160F2 and 180F2 in argon; the 2 values 
18OF2 898,889 457 794 for VI refer to the Fermi doublet 

71ANDIRAY Matrix IR spectra of OF2 or 180F2 in Ar; main emphasis is on the 
formation of LiOF rather than the examination of OF2 

71GAR/TUR 925.2 461.1 821.1 Raman spectra of liquid OF2; polarization studies confirm earlier 
IR assignments and support existence of Fenni resonance 

71TRFJSAV 412-416 456-462 812-845 Raman and IR spectra of OF2 (cr) 

nAND 920 465 825 Ar matrix Raman spectra 
18OF2 892 461 799 

79KOUKON 918.0±0.8 459.8±0.8 823.0±0.5 Absorption spectra in liquid N2 at 80 K; Fermi resonance; 
922.2±0.8 also presents harmonic frequencies and anharmonicity constants 

81POP/SCH 1167 480 1227 Ab initio calculations HF/3-21G; harmonic frequencies given 

82MARIRAO 1053.1 493.5 1081.4 Ab intio SCF calculations at the 4-31 G level; harmonic frequen-
cies given (source of frequencies not given) 

83TAU/JON 924.15 Fermi diad a~ 928 cm- I st~died by IR-MW double resonance 

86TAU/JON Fermi resonance; diode laser spectra to resolve the true vibrational 
center for VI and 2V2 

87BURISCH 460.56 A, S, C and ground state calculated 

87TAU IR diode laser spectroscopy; V3 frequency range examined; Cori-
olis coupling 

88THVSCU 976 475 923 Ab initio prediction at the SCF, CISD and CCSD levels, using 
DZP and TZP basis scts; results listcd for TZP CCSD/SCF 

90AND/PAL 885 489 832 Simple spring model in terms of Cartesian coordinates 

90SAAIKAU 944.93 469.22 843.86 Curvilinear internal coordinate Hamiltonian; harmonic frequen-
cies calculated 
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Source 

35BOE 

35HET/POH 

35HET/POH2 

35SUT/BRO 

36BRO 

36POHISCH 

37STU 

40MAX 

50BERIPOW 

5IDUCIBUR 

53IBEISCH 

61HIUJAC 

61PIElJAC 

63PIEIDIC 

63SCH2 

66BUEIPEY 

66MORISAI 

66POP/SEG 

66SPRIPIM 

67ALURUS 

68GORIPOP 

70NEW/LAT 

71TREISAV 

73SIC 

74MIN/MIT 

75BINIDEW 

76CAUHIR 

76PLEIKOC 

79HARILAU 

79SCHICRU 

80GLI 

80LAW/VAS 

80VALIVAS 

82AHUTAY 

82MARIRAO 

82ZHU/MUR 

Bond length(A) 

1.4::t0.1 

1.41::t0.05 

1.4 

1.41 ::to.5 

1.38::t0.3 

1.413::t0.019 
*1.418 

1.3896 

1.409 

1.4124 

1.4053 ::to.OOO4 

1.410 

l.l8 

1.358 
1.18 

1.176 

1.439 

1.4053 ::to.OOO4 

1.3585 

1.409 
1.412 
1.405 

1.407 

1.447 

1.40 
1.36 

1.36 

1.40 
1.36 
1.41 

1.339 
1.440 
1.40 

1.422:!:0.08 

1.339 
1.335 

MALCOLM W. CHASE 

TABLE 5.12.2. Geometry and structure 

Bond angle(O) 

loo::t3 

100.6 

105::t5 

loo::t3 

100.6 

105::t5 

loo::t3 

101.5::t 1.5 

101°30' 

103.8::t 1.5 
* 103.2 

104.16 

103°18' 

103°10' 

103°4'::t3' 

99.2 

102 

106.6 

102.4 
106.6 

106.8 

99.2 

55.2 

103.067::t0.50 

102.91 

103.3 
103.2 
103.1 

102.0 

103.3(fixed) 

103.0 
103.0 

103.3 

103 
103 
103 

103.7 
102.9 
103.5 

102.5::t8 

103.35 
103.01 

Comments 

Electron interference technique; 35BOE2 assumed to be the same article 

IR spectra supports bent structure 

IR spectra 

Electron diffraction study 

Review based on 3 studies [35SUT/BRO, 35BOE, 35BOE2] 

Absorption spectra; refers to 35HET/POH2 

Recalculated values based on data of 35BOE 

Review of electron diffraction data based on three studies: 35BOE, 35BOE2, 35SUTI 
BRO 

IR spectra of OF2(g) 

No mention as to the source of this value 

Electron diffraction study; *recommended values based on present 
work and 3 other studies 

Microwave spectroscopy; derived 3 average rotational constants; also derived centri-
111.:<:t1 ui:;luniull I.:UIlSL<:tIIls 

Microwave spectrum; dipole moment and inertial defect determined 

Microwave spectroscopy; derived average structure 

Use of Walsh rules; a simple MO-LeAO calculation with Slater functions 

LCAO-MO-SCF calculations; correlate the internuclear angle with orbital energies 

Microwave spectra; determined equilibrium structure 

SCF-MO-CNDO, SCF-MO-CNDO/2 calculations; refers to 53IBEISCH 

Prediction of structures of molecules; only data for OF2 implies a bent structure 

Ab initio SCF-MO calculations 

SCF-MO calculation 

STO-3G approximation for STO basis functions; STO-3G and INDO 
value respectively; compared calculations to re structure of 66MORISAI 

Raman and IR spectra of crystalline OF2; solid is not centrosymmetric; contains at 
least 2 molecules per primitive cell; site symmetry is Cs or C 1 

CNDO/2-MO study 

CNDO/2 study 

MINDO/3 calculations 

Review; based on four studies 

Ab initio MO theory (STO-2G. STO-4G) 

Review; values based on 63PIEIDIC and 66MORISAI; 3 sets of values, refer to 
effective geometry, average geometry, and eqUilibrium geometry respectively 

Ab initio calculations VSEPR model; refers to 66MORISAI 

MINDO calculation 

Orbital exponents were optimized for bond functions (Gaussian s and p orbitals 
located between nuclei); 3 different levels of ealeulation: DZ, DZD and DZB 

SCF-CI studies (DZ-SCF, DZP-SCF, DZP-CI) 

High quality correlated wave functions (SCF, CEPA 3 different types of frozen 
orbitals) 

Ab intio SCF calculations at the 4-31 G level 

SCF calculations 6-31 I G and 6-311 G**; refers to data of 66MORISAI and 
79SCHICRU 
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Source 

83DEKlJAS 

83DWI 

83MARIDIX 

83TAU/JON 

86DWI 

86MEL 
measured at 0 K 

87REFlSCH 

88THIISCU 

89BAI 

90SAAIKAU 

92GIUROB 

94GIMlZHA 

Source 

34GLIISCH 

45SKI 

46WIC 

49POT 

55AOK 

65MOR 

67TRO/WAG 

70DAR 

71CORIFRO 

nBRU/ROB 

73ROT/SCH 

77GLI 

78CHO/HER 

78LEO/MED 

80VAUVAS 

81LAN/CHO 

l:S4ALEIVOL 

92CHO 

NIST-JANAF THl!RMOCHl!MICAL TABLl!S FOR THl! OXYGl!N FLUORIDl!S 

Bond length(A) 

1.281 

1.160 

1.356 
1.422 
1.396 

1.271 

TABLE 5.12.2. Geometry and structure - Continued 

Bond anglee) 

109.1 

180 

102.4 
102.5 
102.7 

104 

Comments 

MO calculations using the MNDO method 

SINDO calculations 

Ab initio SCF calcualtions (3G, 4-31G, ST01); refers to 66MORISAI 

Fermi resonance; IR-MW double resonance 

SINDO calculations 

571 

1.3484 Critical review; BAClMP4 method using geometries optimized at HF-6-3G*; value 

1.348 
1.408 

1.3416 
1.3428 
1.3390 
1.3861 
1.3814 
1.4141 
1.4085 

-1.4 

1.4052 

1.3483 
1.4229 

103.3 
97.1 

103.43 
103.40 
103.47 
103.03 
103.13 
102.87 
102.98 

102 

103.07 

103.22 
102.61 

Ab initio 6-31 G* calculations; optimized geometries with respect to E(Lewis) 

Ab initio prediction at the SCF, CISD and CCSD levels 

Ab initio MO calculations (STO-3G); values extracted from a graph 

Equilibrium geometry calculated from 66MORISAI, 86TAU/JON, 87BURISCH 

Only provides bond distance; relies 6n other sources for numeric values 

Ab initio SCF-MO calculations at the RHF and MP2 levels using the 6--3IG** 
basis set 

TABLE 5.12.3. Dissociation energy 

Comments (as reported values) 

Absorption maximum attributed to OF2 dissociation to 2F+O; <2100-

Review; bond energy values from !leH from 36BIC/ROS; 117.0 kcal'mol- I 

Review; Do(OF)-1I2Do(OF2)-115 kcal'mol- I
; no reference as to the origin of the value 

No value recommended; refers to 3 earlier experimental enthalpy of formation studie& 

Used Mulliken's magic formula (calculation); 5.62 eV 

Three-dimension Huckel calculations; refers to an observed value of 95 kcal'mol- I (no source of value given); 94.9 kcaVcal 

Source of value not clear but presumably derived from kinetic study; D8(FO- F}-37::: 1 kcal'mol- ' 

Review; recommended value taken from 68WAG/EVA; 268:::13 (T/K-O) kJ'mol (64:::3,T/K-O, kcal'mol- ' ) 

Photoionization of OF2; no dissociation energy value given 

Comparison of ionization potentials and MO calculations; no dissociation energy value given 

SCF calculations for the electronic ground state; a contracted Gaussian basis set of double zeta plus polarization quality; -1.52 eV 

Calculation of dissociation energies from an experimentally reported !leH value 

Refers to earlier work on OF2 by Chong; no dissociation energy given 

Critical review; values based on analysis (with current 1978 auxilary data) of30RUF/MEN, 30WARlKLI, 66BIS/HAM and 68KIN/ARM; 
D8(OF-F)-38:::5 kcal'mol- I

; D8(O-F)- 52:::4 kcal'mor ' 

FCS-CI-DZ studies; ionization potentials; no dissociation energy value given 

Ionization potentials; no dissociation energy value given 

lomzation potentials; no dissociation energy value given 

Ionization potentials; no dissociation energy value given 
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Source ~fH(298.15 K) (kJ'mol- l
) 

30RUF/MEN 1O.9±8 

30WARlKLI 46.0±8 

3 1 RUF/MEN2 38.5 

31WAR 37.7 
*19.2±21 

33YOS/HAT 37.9 

36BIC/ROS 23.0 

50BRE/BRO 29±8 

50LUF 

50SCH2 29±8 

52ROS/WAG 23.0 

54COU 23.0±21 

55EVAIMUN 3l.8±8 

61ARMIKRI 31.8±8 

66BIS/HAM 16.99 

66BIS/HAM2 16.99±9.2 

66VED/GUR 33.5± 13 

67MAUMCG 

67TRO/WAG 25.1 

68KIN/ARM 24.52± 1.59 

69FRA1DIL 21.72 

71CLY/WAT 24.5± 1.6 

72HOU/ASM 25.1 

76BIN/DEW 18.5 

76KOE/JOL 18.4 

77GLI 18.4 

78DEW/RZE 76.1 

80GLI 21.31 

83DEKlJAS 76.1 

86MEL 27.2 

87HER 24.52± 1.59 

88TYK 

89LIVfTAK 

90VAN/KEL 
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TABLE 5.12.4. Enthalpy of formation 

Comments (as reported values) 

Calorimetric study; 4.6±2 kcal'mol- l 

Estimated from experimental data on 3 different reactions; 1 I ::t: 2 kcal' mol- l 

Calorimetric study; 9.2 kcal'mol- l 

Reanalysis of 3 earlier measurements [30RUF/MEN, 30WARlKLI, 31RUF/MEN2] 
9 kcal'mol- l

; *reanalysis of 30RUF/MEN, 4.6±5 kcal'mol- l 

Origin of value not given; 9 kcal'mol- l 

Critical review based on 30WARlKLI; 5.5 kcal'mol- l 

Review; value taken from 36BIC/ROS; 7±2 kcal'mol- l 

Did not obtain article 

Review of numerous properties; value based on work of 30RUF/MEN and 30W ARlKLI; 
7±2 kcal·mol- l 

Critical review; value based on 30WARlKLI, 3 I RUF/MEN2, and 3IWAR; 5.5 kcal'mol- I 

Critical review; value based on 52ROS/WAG and 36BIC/ROS; 5.5::t:5 kcal'mol- l 

Based on 30WARlKLI data; 7.6::t:2 kcal·mol- l 

Review; adopted value of 55EV NMUN; 7.6::t:2 kcal'mol- l 

Calorimetric study; 4.06 kcal'mol- l 

Calorimetric study; 4.06::t:2.2 kcal'mol- l 

Critical review; 8.0±3 kcal'mol- l 

Appearance potential; no enthalpy of formation data 

Private communication from W. C. Solomon in 1967; 6 kcal'mol- l 

Calorimetric study in flame; 5.86±0.38 kcal'mol- l 

Ionization potential review; value taken from 68WAG/EVA; 5.2 kcal'mol- l 

Derived from 68KINI ARM 

Quotes value of 68KIN/ARM; 6 kcal'mol- l 

At 25°C; MINDO calculation; refers to a value taken from 69FRNDIL 

Value extracted from a summary of oxidizer properties; 4.4 kcal'mol- l 

Source unknown 

MNDO method; 18.2 kcal'mol- l 

MINDO approximation 

MNDO method; value taken from 78DEW/RZE; value reported by [83DEKlJAS] gives 18.2 
kcal'mol- l 

Critical review; BAC/MP4 method using geometries optimized at HF/6- 31 G*; value calcu· 
lated at 0 K; 6.5 kcal'mol- I 

Value taken from 71STU/PRO and JANAF 

Estimated properties; no specific value given 

Semi-empirical methOd HAMl3 methoa (ellel not obtaIn artIcle) 

Ab initio reaction energy computations; comparisons made to earlier recommendations of 

Wagman and JANAF 
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Reinhard and Arkell [65REII ARK] modified the method 
for the preparation of ordinary OF2 (refer to [59ENG/NAC] in 
OF2) to produce samples containing Ol8F2 and 0 17F2• 

Reinhard and Arkell [65REIIARK] modified the method 
for the preparation of ordinary OF2 (refer to [59ENG/NAC] in 
OF2) to produce samples containing Ol8F2 and 017F2• 

5.15. FFO 

83DEKlJAS, using the MNDO method, calculated an en
thalpy of formation of FPO, and reported a value of 526.3 

kJ·mol- l. Similar calculations on FOF sugggested that FFO 
was less stable by 509 kJ ·mol- l. However, the absolute values 
presented may be too high by 51 kJ'mol-1 (in comparison to 
experimental data for FOF). No references to previous work 
on this species were cited. 

All references dealing with 02F2 are listed in the following 
nine categories. Of prime interest are the spectroscopic, ge
ometry and enthalpy of formation studies. 

1. Vibrational frequencies/spectroscopy -
[37BRO/FRI], [65ARK], [65BRO], [66SPRI 
TUR], [67LA W], [67SPR], [68LOO/GOE], 
[69GOE/CAM], [70LOO/GOE], [71GARlLAW], 
[72MELIAND], [73BURIGAR], [76MAT/TUP] , 
[78GRIIEDW], [8OJAC], [85KIMlCAM], 
[85KIMlCAM2], [87WOO/LAR], [88CAM], 
[S9RAG/TRU], [90MCG/CLE], [93AMO/MUR], 
[94JAC] 

2. Geometrylstructure-
[62JAC], [62WIL], [63LIN], [67TURlHAR], 
[68GORlPOP]. [69GOR]. [7OGIM]. [70LOOI 
GOE], [70NEW/LAT], [73LEI], [73MIN/MIN], 
[76CAL/HIR], [76PLE/KOC], [78LUClSCH], 
[780LS], [79HARlLAU], [80GLI], [82AHLI 
TA Y], [84BURILAW], [86MEL], [87ROHI 

HAY], [88HED/HED], [88MAC/OBE], [89LEEI 
RIC], [89MAC/OBE], [89RAG/TRU], 
[90MCGICLE], [91AMO/MTTR], [94GTM/ZHA] 

3. EPRlNMR-
[65KAS/KIR], [65NEU/V AN], [66LAW/OGD], 
[66WELlMET], [67NEB/MET], [68LA W/OGD] , 
[68S0LlKEI], [67S0LlRAN], [79SUG/KA W] 

4. Enthalpy of formation!dissociation!heat of atomiza-
tion-
[58KIRI AST], [59KIRlGRO], [59KIRlGR02], 
[61ARMlKRI], [61KIRlAST], [65MOR], 
[65MALlMCG], [66MALlMCG], [66VEDI 
GUR], [68TUR], [69FRAIDIL], [70DAR], 
[86MEL] 

5. Formation! decomposition! preparation! characteriza
tion-
[33RUF/MEN], [34RUF/MEN], [36FRIlSCH], 
[36FRIISCH2], [37FRIISCH], [37FRIlSCH2], 
[37SCH], [37SCHlFRI], [38AOY/SAK], 
[41AOY/SAK], [58BALlMAN], [59KIRlGRO], 
[59KIRlGR02], [61KIRlSTR], [64YOU/HIR], 
[65ARK], [65KIR], [65MAL/MCG], [65STRI 
STR], [66NAG], [66NOB/PIM], [66SPRlPIM], 
[66STRlSTR], [67MALlMCG], [68GOE/CAM], 
[6SNIK/ROS], [69GOE/CAM], [69RIP/ZER], 
[70HAR], [72MELIAND], [73GAR], [74MINI 
MIN], [81SLIISOL], [83TEMlWAG], [84FRE], 
[S4TAK/HOS], [S4YAMlHIR], [S5BEA], 
[87CLAlSCH], [SSKIS/POP], [88KIS/POP2], 
[88L YL/LOI], [88MALlPER], [91AOM/SOD], 
[9IDIXlAND], [9IRAS/COC], [92RAS/BAG], 
[94SAMIMAS] 

6. Density/vapor pressure -
[5SKIRI AST], [59KIRIGRO] 

7. Review-
[33RUF], [50SCH], [60GEO], [61ARMlKRI], 
[61MCG], [63STR], [66FOXlJAC], [66VEDI 
GUR], [6STUR], [70DAR], [72BRI], [76CALI 
HIR], [79HARlLAU], [84BURILA W], [89L YM], 
[94JAC] 

8. Kinetics/reaction-
[36FRIISCH], [37SCHlFRI], [62HOLICOH], 
[62STRlGRO], [62STRlGR02], [62STRlGR03], 
[63STR], [63STRlKIR], [63STRlKIR2], 
[64S0L], [65MORlYOU], [66S0L], [66S0L2], 
[67JOL], [67S0L], [6SBAN/SUK], [68LA WI 
TUR], [68S0L], [SOLlKAC], [68S0LlKAC2], 
[68S0LlKAC3], [69LIN/BAU], [69PED], 
[69S0LlKEI], [70S0L], [71STR], [73CHE/TUP], 
[73CHE/TUP2], [73NIKlDUD], [74S0L/KEI], 
[75LEU], [75SMAlLUT], [7SSRT/BEZ], 
[7SCHE/TUP], [79JAC], [SOSOL], [82DA VI 
TEM], [S2DA V/TEM2] , [S2DAV/TEM3], 
[84ASP/ELL]. [84ELLlMAL]. [84MAL/ELLl. 
[84PARlMOR], [85EPIILAR], [85KIMlCAM3], 
[S5KINI ASP], [86ASP/KIN], [87BAIIBAS], 
[87BAIIBAS2], [87ELLlPEN], [S7HER], 
[88L YMlHOL], [90CAM], [90CAMlFOR], 
[90LEE/REN], [90NIE/KIN], [9IEBE], [91LUTI 
SMA], [91MIL], [91SCU], [92ALMIHOL] 

9. Refereneen artide~ in [6::\STR]-
[59STRlGRO], [6QMAG], [62MAG], [62STR], 
[62STRIGRO], [62STRlGR02] 

The vibrational and structural information are summarized 
in Tables 5.16.1 and 5.16.2. There are two citations to disser
tations [67LAW, 67SPR]. Although these dissertations are 
listed in our bibliography we have not had access to them and 
cannot discuss in detail the data contained therein. It appears 
that each of these authors have written subsequent articles 
which we do discuss. 
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There are also included in'the literature citations a number 
of personal communications to which data has been assigned 
[57GLO/DA V, 62MAG, 65BRO, 86MEL]. This information 
is included for completeness whenever possible, but it is not 
considered in the final analysis unless a subsequent publica
{ion has been made. 

Brodsersen et al. [37BRO/FRI] measured the absorption 
spectra and extinction coefficients between 2000 and 
10000A.. [76MAT/TUP] obtained the electronic absorption 
spectra and the extinction coefficients in the 190-600nm 
region. 

Goetschel et al. [69GOEICAM] described the preparation 
of 02F2 but presented no definitive structural or vibrational 

information. The observed IR spectra was compared with 
previously reported spectra of fluorine oxides. The authors 
stated that pure 02F2 is yellow, melts sharply at 119 K and is 
diamagnetic. 

Jacox [94JAC] provided recommended data for FOOF as 
follows: a C2 structure was adopted based on the microwave 
data of [62JAC]; the rotational constants and resulting geome
try were derived from the same microwave study; the tabu
lated vibrational frequencies were taken from five infrared 
studies [65ARK, 66SPRITUR, 71GARILAW, 80JAC, 
85KIMlCAM]. We adopt the gas phase values for VI 

through Vs. 

TABLE 5.16.1. Vibrational frequencies, cm- I 

Source 

Observed and Experimental Values 

65ARK 

66SPRITUR 

68LOO/GOE *1300 615 
1602F2 1306 621 
1802F2 1239 595 

70LOO/GOE 1602F2 1306 621 
IS02F2 1239 595 

71GARILAW 1270 618 

72MEUAND -1300 

73BURIGAR 1290 611 

78GRIIEDW 

80JAC 1602F2 1250 612 
1250 608.5 

J60180F2 595 
1214.9 592.2 

18OlF2 584 
1178.6 585.8 

R5KIMlrAM DIO 610 

85KIMlCAM2 
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Vs 

367 209 621 
369 205 615 
362 195 586 

369 205 615 
362 586 

364 612 

366 195.6 624 

366 195 627 
367.1 194.7 627.5 

618 
361.4 193.3 620.1 

601 
355.9 192.0 602.9 

160 202 614 

547 
457 
444 

457 
444 

468 

459 

466 
466.9 
459 
458.7 
452 
450.4 

471 

Comments 

Matrix infrared study; observed v(OF 
asymmetric stretch) of 624 cm- I; as
signment was made by 65BRO 

Absorption spectra; observed 4 fre
quencies (624.4, 612.0, 461.9, 368.1) 
from the photolysis of fluorine-oxygen 
mixtures 

*Values quoted by other authors, refer 
to the natural abundance molecule; IR 
spectra of solid; preliminary announce
ment of data reported in 70LOO/GOE 

IR spectra of solid isotopic species 

IR and Raman spectra of solid at 77 K; 
partial IR of matrix isolated at 20 K; 
assignment of vibrational frequencies 
refers to results by 65BRO, 66SPRI 
TUR, 65ARK, 68LOO/GOE, 67LA W, 
o'/:SPK 

Studied the 0-0 stretching frequency 
in fluoro-peroxides; refers to 70LOOI 
GOO and 71 GAR/LAW 

Raman spectra in CCIF3 solution; de
tailed discussion as to the assignment 
of vibrational frequencies 

Raman study of solid 

IR spectra of Ar matrix; observed and 
calculated values given respectively 

FT-IR (± 3 em-I); V2 and v~ are differ
ent from those presented in 80JAC; no 
numerical structure information; ob
served all six vibrational frequencies 

Laser flash photolysis; examined the 
equilibrium existence between 02F and 
02F2; compared 0-F stretch and 0-0 
stretching in both molecules 



Source 

87WOO/LAR 

88CAM 

Source 

89RAGITRU 

90MCG/CLE 

93AMO/MUR 

94JAC 

Source 

62JAC 

73MIN/MIN 

88HED/HED 

Source 

62WIL 

63LIN 

67TURlHAR 

68GORIPOP 

69GOR 

70GIM 

70LOO/GOE 

70NEW/LAT 

73LEI 

76CAUHIR 

76PLEIKOC 

78LUCISCH 

780LS 

79HARILAU 

80GLI 

82AHUTAY 

84BURILAW 

86MEL 

87ROHIHAY 
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1281 

Bond distance 

TABLE 5.16.1. Vibrational frequencies. cm- I - Continued 

Observed and Experimental Values - Continued 

Vs 

607 373 197 623 461 

Calculated Values 

Calculational methods 

Comments 

Condensed phase Raman spectra 

IR intensity study of equilibrium be
tween 02F2. 02F and O2 

Quantum-mechanical calculations; results compared to 85KIMICAM; HF/6-3IG*. HF/DZP. QCISD(T)/6-3IG* 

HF/6-3IG* and MP2I6-3IG* calculations 

Calculated values based on 6 different calculational techniques: TZ2P/SCF. TZ2P/LDA, TZ2P/BL YP. TZ2Pf/LDA. 
TZ2Pf/BL YP. TZ2Pf/CCSD(T) 

Review 

TABLE 5.16.2 Geometry and structure 

Values 

dihedral<° Comments 
F-O 0-0 

1.575 
:to.003 

1.586 

1.217 
:to.03 

1.216 

109.50 
:to.5 

109.2 

Calculational methods 

Quotes calculations of 62JAC 

87.5 
:to.5 

87.5 

88.1 

Calculated Values 

Microwave spectroscopy of 3 isomers. 1602F2. IS02F2, and 
1601SOF2; ro structure 

Refers to a dihedral angle; extended Huckel calculation; the ex
perimental value is the same and refers to 68WINIWIN 

Electron diffraction study at -42°C; rg structure 

Refers to geometry given by 62JAC; discussed bonding 

MO treatment of bonding; structure assumed to be FOOF; 4 calculations assuming different bond distances; VESCF 

INDO calculation of geometry 

Refers to 62JAC values; CNDO/2 calculations; barriers to internal rotations 

Reported a C2 symmetry; extended Huckel calculations 

Structure adopted from 62JAC microwave WOlk. 

Refers to 62JAC values; STO-3G, INDO 

Results in part based on 62JAC; CNOO/2 

Data taken from 62JAC 

Refers to the results of 62JAC; ab initio calculations; STO-2G. STO-4G 

Comparison with the experimental data of 62JAC; quantum-mechanical calculations RHF/4-31 G, RHFIDZ, RHFIDZP(O), 
RHP/DZP(OP), CUDZ, CIIDZP(O); a C2h symmetry constraint (RHP/4-31G); a C 2 , symmetry constraint (RHP/4-31G) 

Ab initio calculations: rigid-rotor calculations on 02F2; 4-31 G 

Results taken from the work of 62JAC; authors cite values in reference to effective structure except for the (0-0) value 
being a substitution value 

MINDO calculations 

Quantum-mechanical calculation; calculated results compared with those of 62JAC performed; SCF, ODC, CEPA, 
CI(SD), MR CI(SD) 

Selected from 62JAC, 73BURlGAR, 8OJAC; no bond angle is given 

BAClMP4 calculation 

Quantum-mechanical calculation; comparison with 62JAC; DZP: RHF, CI, CEPA; 6-3IG*: RHF, MP2, 92-CASICCI, 
92-CASICCI+Dav., 600-CAS/CCI, 6OO-CAS/CCI+Dav.; Diffuse: RHF/6-31G*, MP2/6-3IG*, MP3/6-3IG*, MP4SDQ/6-
3IG*, RHFID95*, MP21D95*, MP4SDQID95* 
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Source 

88MAC/OBE 

89LEEIRIC 

89MAC/OBE 

89RAG/TRU 

90MCG/CLE 

93AMO/MUR 

94GIMlZHA 

MALCOLM W. CHASE 

TABLE 5.16.2 Geometry and structure - Continued 

Calculational Methods 

Ab initio calculations; comparisons with 8 other calculational techniques; RHF/6-31 G*, MP2/6- 31 G*, MP3/6-31 G*, 
MP4SDQ/6-31 G*, RHFID95 * , MP2ID95*, MP4SDQ/D95* 

Comparison to 62JAC; quantum-mechanical; MP2, CISD, CPF, CCSD 

Article not available 

Quantum-mechanical calculations; 6-31G*: HF, MP2, CAS+CI+D, QCISD(n; 6-31G(sp): HF, MP2, CAS+CI+D, 

QCISD(n 

Quantum-mechanical calculation; HF/6-31 G*, MP2/6-31 G* 

Quantum-mechanical calculation; comparison with 62JAC and 85KIMICAM; TZ2P/SCF, TZ2P/LDA, TZ2P/BL YP, 
TZ2Pf/LDA, TZ2Pf/BL YP, TZ2Pf/CCSD(T) 

Ab initio SCF-MO calculations; a C2 symmetry is proposed; RHF/6-31G**, MP2/6-3IG** 

There are numerous references to the enthalpy of formation 
of OzFz(g). The reported values are summarized in 
Table 5.16.3. In fact, there are two articles referring to the 

calorimetric determination of the enthalpy of formation. Ten 
of other eleven citations essentially refer to this reSlllt_ The 
[86MEL] citation is a quantomechanical calculation. 

Source ~fH(298.15 K) 

58KIRIAST 20.9::t 1.7 

59KIRlGR02 19.8::t1.3 

61ARMIKRI 19.8::t1.3 

19.5 

66.9 

65MAUMCG 

65MOR 

66MAUMCG 

66VED/GUR 19.8::t 1.3 

68TUR 

69FRAIDIL 18 

70DAR 

g6MEL 61.5 

89LYM 19.2::tO.8 
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TABLE 5.16.3 Enthalpy of formation, kJ·mol 

Comments (as reported values) 

Measured the enthalpy of decomposition at lOOK calorimetrically; 5.00:!:0.40 kcal'mol-
1 

4.73::t0.30 kcal'mol- 1 

From 59KIRIGRO (4.73 ::to.3 kcal'mol- 1
, although referenced as the source of this value, the quoted 

value really comes from 59KIRlGR02); 
from 6lWAG (4.65 kcal'mol- 1

, estimated ~varfl and calculated ~fH); 
from 50SIM and 54SIM; discussed dissociation energy; 
from 57GLOIDAW, 16.0 kcal'mol- 1 

Estimated value [0.8 eV], assuming D(F-02F)~D(02F); the second value, D(FO-OF)=4.5±0.2 
eV, is based on appearance potential measures; this latter value was compared with a similar value 

derived from 59KIRlGR02 and differed by 0.15 eV 

Three-dimensional Huckel MO calculations; Ea1om-156.5 kcal·mol- 1 (obs.), ~151.6 kcal'mol-
1 

(calc.); no reference as to the observed '{alue 

Refers to a mass spectrometrically derived value, presumably in 65MAUMCG; quotes a value 
D(F-02F)-O.8 cY 

Review; from 59KIRlGR02; 4.73::tO.30 kcal'mol- 1 

Review; refers to mass spectral study of 65MAUMCG; FOOF-?FO+OF, 103 kcal'mol-
1
; 

FOOF-?F+OOF. -18 kca!'mol- 1 

From 270-3; 4.3 kca!'mo!-l 

From 66MAUMCG; FOOF-?F02+F; ~rH°(OK)=18.4 kca!·mol- 1 

BAC/MP4 calculation; 147 kcal'm()I- 1 

Review; corrected 59KIRIGRO; 4.58::tO.20 kca!'mo!-l 
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Kirshenbaum et ai. [59KIRIGRO, 59KIRlGR02] studied 
the decomposition of 02F2 and 03F2 calorimetrically at 90 and 
121 K respectively. From these values, the tt..fH(298 K) for 
the two gases were calculated: 02F2 = + 4.73 ± 0.30 
kcal'mol- 1 and 03F2 = 6.24 ± 0.75 kcal·mol- 1

• Auxilary in
formation was required to convert the measured data at low 
temperatures to 298.15 K. The authors estimated tt..Cu for O2, 
F2 and 02F2 in order to convert the results at low temperature 
to 298 K. Lyman [89LYM] recalculated this correction using 
known data for the three species and arrived at tt..fH = 

4.58 ± 0.2 kcal·mol- l. A correction of -0.15 kcal'mol- l 

from results originally reported by [59KIRIGRO] was given. 

Welsh et ai. [66WEL/MET] studied the EPR spectrum of 
liquid 02F2. The authors suggested that the paramagnetism is 
due to the 02F radicals. The EPR spectrum was measured 
using solid 02F2 and solid enriched170 2F2. 

Jackson [62JACl examined the rotational spectra of three 
isotopically substituted 02F2 compounds: I 602F2 , 160180F2, 
and 1802F2. From this microwave data, the author calculated 
the moments of inertia and the resulting structure of 02F2 (see 
Table 5.16.2). 

Loos et ai. [68LOO/GOE] observed and analysed the IR 
spectra of solid 1602F2 and 1802F2. The authors reported the 
fundamental frequencies for both isotopic species (See 
Table 5.16.1). A subsequent study [70LOO/GOE] involving 
the same two isotopes andl60180F2 provided additional in
frared data. This was coupled with a normal coordinate calcu
lation and a Huckel-MO calculation to confirm the vibrational 
assignments and the nature of the bonds. 

The more recent articles suggest that 03F2 does not exist. 
Instead, the compound observed is a mixture of 02F2 and 
0~2' Since 1976, there are only two citatioms dealing with 
this presumed compound - both are calculations involving 
the molecular structure. 

Summary comments in numerous reviews have shifted 
from 03F2 being a well-characterized compound [600EO, 
66FOXlJAC] to a presumed compound which has an oxygen 
to fluorine ratio of 3 to 2 [68TURJ. Finally, in 1972 [72BRI], 
it was clear that 03F2 does not exist as a distinct molecular 
entity. Thus, discussions of the following articles must be inter
preted in the light of 03F2 not existing as a separate entity. 

All references dealing with 03F2 are listed in the following 
eight categories. Of prime interest are the spectroscopic, ge
ometry and enthalpy of formation studies. 

1. Formation/decomposition-
[38AOY/SAK], [41AOY/SAK], [59KIRlGRO], 
[59RIC], [61GRO/STR], [63MCG], [65MALI 
MCG], [65STRISTR], [66STRlSTR], [67JOL], 
[67MALlMCG], [70MEUGEN] 

2. Enthalpy of formation/vaporization/dissociation
[58KIRI AST], [59KIRlGR02], [61KIRI AST], 
[63PRUPAS], [65MOR], [66VED/GUR], [69RIPI 
ZER], [76PLE/KOC], [80GLI] 

3. Structure·:...-.:. 
[65MAG], [67NEB/MET], [67S0LlRAN], 
[68S0LlKEI], [76PLE/KOC], [80GLI], [94GIMI 
ZHA] 

4. Properties-
[61KIRlAST], [61KIRlSTR], [62RIE/PER], 
[64AMS/CAP], [64S0L], [65MAG] [65STRI 
STR], [66STR] 

5. EPR-
[65KAS/KIR], [65NEU/V AN] 

6. Review-
[600EO], [61ARMlKRI], [61MCG], [63STR], 
[66FOXlJAC], [68TUR], [72BRI] 

7. Patent-
[64HEM], [69HEMITA Y] 

8. ReactiullS-

[64S0L], [65BOY/BER], [65KIRlSTO], 
[66AMS/NEF], [66SIM], [66S0L], [66S0L2], 
r68DICI AMSl. r75LELl 

The articles classed as formation/decomposition present 
modes of preparation of the so called 03F2 and some of its 
properties, in particular melting point. The more recent arti
cles in this group dismissed purification and improved identi
fication procedures. 

There are numerous studies related to the experimental and 
theoretical determination of the enthalpy of formation. 

- Kirshenbaum et ai. [59KIRIGRO, 59KIRlGR02] 
studied the decomposition of 02F2 and 03F2 calorimetrically 
at 90 and 121 K respectively. From these values, the 
tt..fH (298 K) for the two gases were calculated: 
02F2 = + 4.73 ± 0.30 kcal'mol- l and 03F2 = 6.24 ± 0.75 
kcal·mol- l. Auxilary information was required to convert the 
measured data at low temperatures to 298.15 K. 

- Mortimer [6-5MOR] reported an energy of atomization 
of 204.1 kcal'mol- l compared to an observed value of 219 
kcal'mor I. This corresponds to an enthalpy of formation, 
tt..fH(OK) = 9.8 kcal·mol- I

• There is no indication as to where 
the latter value came from. 

- Vedeney et al. [66VED/GUR] quoted a value for the 
enthalpy of formation at 298 K of 6.24 ± 0.75 kcal'mol- l 

based on the enthalpy od dissociation study by [59KIRI 
GR02]. 

- Rips et al. [69RIP/ZER], using the method of corre
lating increments, calculated the enthalpy of vaporization of 
03F2 as well as critical properties. 

- Plesnicar et ai. [76PLE/KOC], using ab initio molec
ular orbital theory (STO-2G and STO-4G), calculated the 
total energy and the decomposition energies to OF2 and 02F2' 

- Glidewell [80GLI], using MINDO approximation, 
calculated the heat of formation of 03F2 to be - 11.23 
kcal·mol- I

• 

Although 03F2 has not been definitively characterized as a 
distinct species, there are numerous calculational studies 
specifying the presumed compound's geometry. 
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Plesnicar et ai. [76PLE/KOC], using ab initio molecular 
orbital theory (STO-2G and STO-4G), studied the equi
librium geometry of 03F2. Their calculated values were: 
r(F-O) = 1.3564;\, r(O"':'O) = 1.4069;\, L(FOO) = 103.77°, 
L(OOO) = 102.76°, L(OOF) = 103.77°, and the dihedral 
L = 88.37°. There was no experimental data available at 'the 
time with which to compare these calculations. No informa
tion on the vibrational frequencies was provided. 

Glidewell [80GLI], using MINDO approximation, calcu
lated the energy and structure of 03F2. The geometry was 
given as: r(F-O) = 1.481A, r(O-O) = 1.331A, 
L(FOO)'= 112.7°, L(OOO) = 120.2°, and the dihedral 
L = 71.1 0. No vibrational frequency information was provided. 

Gimarc and Zhao [94GIMJZHA] calculated the geometry 
optimized total energies of 03F2 from ab initio SCF-MO cal
culations at the RHF and MP2 levels using 6-31 G** basis set. 
A C2 symmetry was proposed. The total energy and all bond 
angles and bond distances have been calculated and are pre
sented in the paper as: 

RHF MP2 
(0-0) 1.3399 1.3974 
(O-F) 1.3640 1.4525 
LOOO 108.12 107.25 
LFOO 105.28 104.63 
LOOOF 81.47 80.28 

No vibrational frequency information was provided. 
There are several studies which relate to the determination 

of various properties, such as melting point, vapor pressure, 
density, extinction coefficients, surface tension, etc. There are 
no studies involving the measurement of heat capacity or 
enthalpy of the solid or liquid. 

The EPRstudies [65KAS/KIR, 65NEU/VAN] ofOJ'2 and 
03F2 showed identical EPR spectra which was attributed to 
FOO. These results may be more indicative of the decomposi
tion of these materials. 

Maguire [65MAG] measured many properties in an attempt 
to determine the structure of 03F2. However, the structure, by 
these studies, was not clearly defined. 

Malull~ amI MI..:G~~ [67MALlMCG) att~lllpt~d to I..:\)lldat~ 

mass spectrometric, EPR, infrared and NMR data and con
cluded that 03F2 had the features of an 02F and OF radicals 
loosely bonded together. No quantitative data was given. 

Nebgen et ai. [67NEB/MET] were not able to make an 
unequivocal interpretation of'9F NMR signal from 03F~. The 
authors postulated a model which consisted of 02F2 and inter
stitial 02. 

The NMR study of Solomon et al. [67S0LlRAN, 68S0Ll 
KEI1 was interpreted in terms of 03F2 being a mixture of 02F2 
::lnd 04F2 [nRSOT .lKFT] provided NMR d::tt~ whic.h ~lIpported 
the conclusion that 03F2 is a mixture of 02F2 and (OOF)n' 

There are numerous reviews which cover the preparation 
and properties of this fluoride. However, there is not suffi
cient data available on the structure and vibrational frequen
cies to calculate the thermal functions. Enthalpy of formation 
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data has been estimated via quantum mechanical means. The 
structure and vibrational frequencies of 0k'2 have not been 
completely and definitively determined. The structure was 
assumed to be FOOOOF. There are two calculational studies 
which propose the structure. There are spectroscopic studies 
which have proposed a tentative assignment for three vibra
tional frequencies (there are 12 vibrations to be assigned in 
O'?2)' It is interesting to note that the most recent experimen
tal study intended to characterize the properties of O.?2 was 
the Raman solution experiments of Gardiner and Turner in 
1971. Since that time there have been three ca1culational 
studies (structure and enthalpy of formation) and three exper
imental studies (formation and reactions). The calculational 
studies aU imply a chain structure. The three experimental 
studies do not explicitly confirm the existence of the 
molecule, in that FlO is determined, but the molecule itself 
was not isolated and characterized. 

All references dealing with 0.?2 are listed in the following 
six categories. Of prime interest are the spectroscopic and 
geometry studies. 

1. Decomposition/formation-
[58KIRfAST], [61GRO/STR], [65ARK], 
[65STRlSTR], [66S0L], [66STRlSTR], [67JOL], 
[67MALlMCG], [68GOE/CAM] , [69GOEI 
CAM], [73NIKlDUD], [91LUT/SMA] 

2. Properties-
[61GRO/STR], [61KIRlAST], [64S0L], 
[66STR], [69RIP/ZERJ 

3. EPRlNMR-
[66FES/SCH], [66KIRlSTR], [67S0LlRAN], 
[68LAW/OGD], [68S0L/KEl] 

4. Spectroscopy/structure 
[6JDRO/HAR], [65ARK], [6SSTRISTR], 
[66S0L], [66SPRlTUR], [69GOE/CAM], 
[71GARlLAW], [71GARlTUR], [76PLE/KOC] , 
[80GLI], [94GIMlZHA] 

5. Review-
[61ARMlKRI], ,[61MCG], [63STR], [66FOXI 
JAC], [68TUR], [72BRI] 

6. R~action-
[68KEUSOL], [71S0LlKAC] 

The preparation of 0.?2 has been described by numerous 
authors. All preparations involved the reaction of molecular 
fluorine with molecular oxygen. There are a variety of fluo
rine oxides formed during the reaction. 

The five property references [61GRO/STR, 61KIS/AST, 

64S0L, 66STR, 69RIP/ZER] presented limited vapor pres
sure data, thermal stability, some solubility information, and 
v~lll~~ for meltine anci boiling points of 0&f'2. 

Kirshenbaum and Streng [66KIRISTR] measured the EPR 
spectrum of 0'?2. The results revealed doublets which most 
likely were the isotopic EPR spectrum of the FOO radical. 
ThIS work and a reevaluation of the 02F2 spectrum and of 
UV -irradiated OF2 suggested that the same free radical was 
observed in all three cases. The authors also referenced un
published work by Reinh~rd whirh c.onfinneci the doublet 

obtained with O~2' 
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Solomon et ai. [67S0L/RAN] studied the170 andl9p NMR 
spectra of 02F2and the presumed 03F2. The NMR results 
showed conclusively that what was once called 03F2 was truly 
a mixture of 02F2 and 0'?2. It was suggested that the latter is 
(02F)n which probably existed as 02F and 0'?2' Although not 
conclusive, the structure was assumed to be FOOOOF. 

Three additional studies refer to 0.?2 and the attempted 
resolution of the EPRlNMR results [66FES/SCH, 68LA WI 
OGD, 68S0L/KEI]. 

Through matrix infrared studies, Arkell [65ARK] observed 
two fundamental absorption bands at 588 and 1519 cm- I

• For 
calculational purposes, the molecule was treated as two equiv
alent triatomics. A bending mode vibrational frequency was 
assigned at 290 cm- I

• The authors assumed r(O-F) = 1.63A, 
r(O-O) = 1.22A, and the L(OOF) = 100°. Force constants 
were calculated for two of the bonds. No prior structural data 
was available. 

Streng and Streng [65STR/STR] measured molar extinc
tion coefficients from 350 to 750J,L. 

Spratley et al. [66SPRITUR] proposed a tentative assign
ment of 0.?2 in analogy to the formation suggested by 
[61 GROISTR]. Spratley et ai. stated that the bending mode 
frequency value of 290 cm- I given by [65ARK] was incor
rect. These authors suggest a value of 376 cm- I for the bend
ing mode vibrational frequency of 0'?2' Additional bands 
were observed at 586 and 1510 cm -I. 

Goetschel et ai. [69GOE/CAM] stated that the strong 
bands observed in the radiolysis of liquid mixtures of O2 and 
F2 can all be attributed to 0'?2. The authors assumed the 
molecule is diamagnetic and that at 80-90°, the dissociation 
energy of 0.?2-7202F is 3 kcal·mol- I

• They estimated the 
entropy change to be 15 cal K- I moC

I
• The spectra is compat

ible with that of [65ARK -584, 1519 cm- I
] and [66SPRI 

TUR -376, 586, 1510 cm- I
]. 

U sing Raman spectra coupled with earlier EPRlNMR data, 
[71GARILAW, 71GARITUR] suggested that 0.?2 is a red 
unstable solid with a melting point at 82 K, and its spectrum 
being very little different from 02F. There was strong evi
dence that the 0.?2 molecule is bonded through the oxygen as 
follows: F-O = 0---0 = O-F. Raman solution data ob
served v(O-O) = 1516.2:t 1 cm- I

, v(O-F) = 584.6:t 1 
cm- I

, and B(O-O-F) of 376.8 :t 1 cm- I
• 

Plesnicar et al. [76PLE/KOC] , using ab initio molecular 
orbital theory, calculated the geometry, the total energy and 
the decomposition enthalpy of 0.?2 to 02F2 and O2, Their 
calculated values were: r(F-O) = 1.3564A (taken from 
H20 3 and 03F2) and r(O-O) 1.406A.· 

Glidewell [80GLI], using MINDO approximation, calcu
lated the energy and geometry of 0'?2. The geometry was 
given as: r(F-O) = 1.48;\, r(01-02) = 1.51;\, 
r(02-03) = 1.42A, L(FOO) = 112°, L(OOO) = 121.0°, 
dihedral L(FOOO) = 79.6°, and dihedral 
L(OOOO) = 53.3°. The enthalpy of formation of 0.?2 was 
calculated to be D.fHo = + 36.2 kcal·mol- 1

• 

Gimarc and Zhao [94GIMlZHA] calculated the geometry 
optimized total energies of 0.?2 from ab initio SCF-MO cal
culations at the RHF and MP2 leveles using 6-31 G** basis 
set. A C2 symmetry was proposed. The total energy and all 

bond angles and bond distances were calculated and were 
presented in the paper as: 

r(01-02) 
r(02-03) 
r(O-F) 

RHF calculations 
1.3346 L(OOO) = 107.81° 
1.3669 L(OOF) = 105.42° 
1.3650 dihedraIL(OOOF) = 81.58° 

dihedraIL(OOOO) = 79.49° 
No vibrational frequency information was available. 

Schumacher [50SCH] in 1950 questioned the existence of 

OsF2• 

[61ARMIKRI, 62ARMlKRI], in their review of the inor
ganic fluorine compounds. list an estimated enthalpy of for
mation of OsF2(g), D.rH(298.l5K) = -53.6 kcal·mol- I

. This 
estimation was stated to have been taken from a private com
munication (June 1957) by Glocker and Dawson. 

Streng and Grosse [66STRlGRO] prepared OSF2 by mixing 
O2 and F2 in an electrical discharge apparatus and found it to 
be stable at 60 K. On warming, OSF2 decomposed to form 
lower oxygen fluorides and ozone. No other characterization 
was provided. [67JOL] presented a summary of electric dis
charge reactions used to produce thermodynamically unstable 
products which are difficult to prepare by other methods. 
Turner [68TUR] , in a subsequent review, did not feel the 
evidence was conclusive as to the existence of OsF2• 

Goetschel et ai. [69GOE/CAM], aware of the early work 
by [66STRlGRO], examined the radiolysis of liquid mixtures 
of O2 and F2 at 77 K. Although there was some evidence of 
higher oxygen fluorides being produced, there was no conclu
sive evidence that OSF2 was formed. 

Brisdon [72BRI], in a 1972 review, stated that sufficient 
data was not available to reach any definite conclusion as to 
the existence of OSF2 or its structure. 

5.22. FOOOOOF 

Gimarc and Zhao [94GIMlZHA] calculated the geometry 
optimized total energies of OSF2 from ab initio SCF-MO cal
culations at the RHF and MP2 levels using 6-31 G** basis set. 
The total energy and all bond angles and bond distances have 
been calculated and ale jJle:seuleLl iUlhe jJajJcr. Nu vibraliunal 

frequency information was presented. In this study OSF2 was 
assumed to have a chain structure. 

Streng and Grosse [66STRIGRO] prepared 0~2 by mixing 
O2 and F2 in an electrical discharge apparatus and found it to 
be stable at 60 K. On warming, 0~2 decomposes to form 
lower oxygen fluorides and ozone. No other characterization 
was provided. [67JOL] presented a summary of electric dis
charge reactions used to produce thermodynamically unstable 
products which are difficult to prepare by other methods. 
Turner [68TUR], in a subsequent review, did not feel the 
evidence was conclusive as to the existence of 0~2' 
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Goetschel et ai. [68GOFlCAM, 69GOE/CAM], aware of 
the early work by [66STRlGRO], examined the radiolysis of 
liquid mixtures of O2 and F2 at 77 K. Although there was 
some evidence of higher oxygen fluorides being produced, 
there was no conclusive evidence that 0~2 was formed. 

Brisdon [72BRI], in a 1972 review, stated that sufficient 
data was not available to reach any definite conclusion as to 
the existence of 0~2 or its unknown structure. 

5.24. FOOOOOOF 

Gimarc and Zhao [94GIMlZHA] examined oxygen ring 
strain energies obtained from ab initio SCFMO calcualtions 
at two levels: MP2/6-31G** and RHF/6-31G**. They calcu
lated strain energies for cyclic OnF2(n = 2 - 8), converting 
cyclic OnF2(n = 2 - 8) to chain-like OnF2. 

[85WEllWEI], using quantum mechanical calculations 
compared the results of 07F2 and Ch07. CNDO-2 MNDO 
geometry optimizations were conducted, where the structures 
were assumed to be 03X -0-X03• The results indicated that 
07F2 was unstable. 

Gimarc and Zhao [94GIMlZHA] examined oxygen ring 
strain energies obtained from ab initio SCF MO calculations 
at two levels: MP2I6-31G** and RHF/6-31G**. They calcu
lated strain energies for cyclic OnF2(n = 2 - 8), converting 
cyclic OnF2(n = 2 - 8) to chain-like OnF2. Note: This study 
deals with a possible ring structure as opposed to the structure 
discussed by [85WEIIWEI]. 

5.26. OaF2 

Gimarc and Zhao [94GIMlZHA] examined oxygen ring 
strain energies obtained from ab initio SCF MO calcualtions 
at two levels: MP2/6-31G** and RHF/6-31G**. They calcu
lated strain energies for cyclic OnF2(n = 2 - 8), converting 
cyclic OnF2(n = 2 - 8) to chain-like OnF2. 

5.27. OF3 

Price et ai. [63PRIIPAS] have estimated the dissociation 
energy of OF;, through a comparison of all dissociation 
energies of the fluorides of all the first row elements and their 
ions, D(F20-F) = 0.7 eV. Although not specifically 
stated, the structure would appear to be planar (D3h), not 
pyramidal (C3v )' 

6." NIST-JANAF Thermochemical Tables 

NIST-JANAF Thermochemical Tables for OF(g) 
(Sec. 6.1). FOO(g) (Sec. 6.2), OFO(g) (Sec. 6.3), FOF(g) 
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(Sec. 6.4), and 02F2 (g) (Sec. 6.5) are presented on the follow
ing pages. 



Oxygen Fluoride (OF) Ideal Gas Mr = 34.9978032 Oxygen Fluoride (OF) F101(g) 

Enthalpy Refere~ Temperature = T, z 298.15 K Standard State Pressure a pO = 0.1 MPa 
Do = 18030 ± 850 cm- I I1rH°(O K) = 108 ± 10 kJ mol- 1 ----.J·K-1mol-1 ____ kj·mol-1 ____ 

5°(298J5 K) = 216.40 ± 0.3 ) K -I mol- 1 I1(HO(298.15 K) .. 109:!: IOkJ mo]-I TIK c; so -rOo-freT,))" W-W(T,) ArHo A,G° logKr 

Electmnic Levels and Molecular C)nstants e60 19F), ern-I 
0 0.000 0.000 INFINITE -9.388 108.392 IOU92 INFINITE 

50 30.058 159.390 318.327 -7.947 108.382 10:.996 -112.819 
100 32.600 181.178 244.853 -6.367 108.506 10".572 -56.188 

State Tc WeXe* Be Cle** De 10
6** ,.iA 150 32.472 194.419 225.985 -4.735 108.682 10".066 -37.283 

Z gi We 200 31.935 203.681 219.3\0 -3.126 108.828 106.505 -27.816 
250 31.788 2\0.783 216.922 -1.535 108.939 Im.911 -22.128 en 

X2nJ!2 0 2 1052.99376 9.90030 1.05870547 -0.0138015 4.28739 1.35412 298.15 31.995 216.396 216.396 0.000 109.025 IOD20 -18.451 -I 
X 2nl12 193.80 2 1052.99376 9.90030 1.05870547 -0.0138015 4.28739 1.35412 300 32.007 216.594 216.397 0.059 109.028 105.297 -18.333 L 

400 32.917 225.920 217.662 3.303 109.177 104.030 -13.585 » * WeYe= -0.068456, WeZe = -0.0010881, W e3e X 0-5 = -5.945 500 33.860 233.369 220.083 6.643 109.304 102.728 -10.732 Z 
** 3 aiditional higher order terms are also available 600 34.620 239.612 222.831 10.069 109.414 10;.402 -8.828 » 

rr=l 700 35.193 244.994 225.622 13.561 109.502 100.059 -7.466 ." 
800 35.621 249.723 228.345 17.102 109.571 98.705 -6.445 

-I 900 35.941 253.938 230.959 20.681 109.620 9'.344 -5.650 
1000 36.183 257.738 233.450 24.288 109.651 95.978 -5.013 :t: 

Enthalpy of Formation 1100 36.367 26 l.l 95 235.817 27.916 109.664 94.610 -4.493 m 
The dissociation energy has been calculated by many different techniques. The derived value~ range from 106.3 to 403.7 kJ·mol- l . The values may 1200 36.509 264.366 238.066 31.560 109.661 93.241 -4.059 :D 

be grouped into two types: (I) derived from a molecular orbital calculation and (2) extracted from reaction studies imolving F20. We adopt 1300 36.619 267.293 240.203 35.2t7 109.641 9:.874 -3.691 3: 
Do(OF)= 18030 ± 850 ern-I (215.687 ± 10 kJ·rml- l) based on the experimeltal studies of Clyne and Watson l

, Czamowski and Schtmacher, 1400 36.704 270.010 242.236 38.883 109.606 90.509 -3.377 0 1500 36.770 272.544 244.173 42.557 109.553 89.146 -3.104 
Berko~itz et al. J, and Zhang et al. 4 These four studies are all dependent on the enthalpy of formation of OF2(g) and are mess spectrometric studies 1600 36.821 274.919 246.021 46.236 109.485 81.788 -2.866 0 
except 'or the thermal decompositiol of OF2 by C2arnowski and Schumacher. From the adopt!d value, we calculate I1rH°(OF,g, 298K) = 109 ± 10 1700 36.859 277.153 247.788 49.921 109.401 86.434 -2.656 :t: 
kJ'mor I. Additional data needed fOI the calculatiolls presented here, e.g. thermal functions forthe F(g) and F2(ret), O(g) and 02(ret), are t<ken from 1800 36.886 279.260 249.478 53.608 109.300 85.086 -2.469 m 
the lANAF Thermochemical Tables,s 1900 36.903 281.255 251.099 57.297 109.184 83.744 -2.302 3: 

2000 36.910 283.148 252.654 60.988 109.053 81.408 -2.152 (5 
2100 36.906 284.949 254.149 64.679 108.908 8:.079 -2.017 

Heat Capacity and Entropy 2200 36.891 286.666 255.589 68.369 108.749 79.758 -1.894 » 
2300 36.865 288.305 256.976 72.057 108.577 78.445 -1.781 .-

The lpectroscopic results tabulated above are for the 16019F isotopomer. Isotopic relationship,6 are used to convert the above constants tothose for 2400 36.826 289.873 258.314 75.742 108.394 71.138 -1.679 -I the normally occurring, i.e. natural abundance, species. The latter values are then used in the calculation of the thermal functions. Only tre X state 2500 36.774 291.375 259.607 79.422 108.199 75.838 -\.585 » 
is inc1u:1ed in the calculation of the thermal functi,}ns; a surn-over-states technique is used. 2600 36.707 292.816 260.856 83.096 107.994 7t549 -1.498 m 

The sround state, X2nJ/2, has been characterized by Burkholder et al.7 The observations vrere made using a high resolution Fourier lransform 2700 36.626 294.200 262.066 86.763 107.779 73.266 -1.417 .-2800 36.530 295.531 263.238 90.420 107.554 7 .. 992 -1.343 
spectrometer and a multiple reflection absorption cell equipped to study short-Iiv!d molecules under fast flow conditions. Hammer et ai.s used a high 2900 36.418 296.811 264.373 94.068 107.321 70.725 -1.274 m 
resoluti)n Fourier transform spectrometer to stud~ the OF infrared chemiluminescence. This latter study, the results of which we have adopted, 3000 36.292 298.043 265.475 97.704 107.077 69.469 -1.210 CJ) 

provided values which were slightly different from the Burkholder et ai.7 work. 3100 36.151 299.231 266.545 101.326 106.824 6S.220 -1.149 ." 
The value of A, the splitting of the ground state, has been determined experimentally by five authors: McKell~ (177.3 ± 5.6 cm- I ), Dyl:e etal. w 3200 35.996 300.376 267.584 104.933 106.561 66.977 -1.093 0 

3300 35.828 301.481 268.595 108.525 106.289 65.745 -1.041 :D (160 ± 30 cm- I), McKellar et al. 11 (177.3 cm- I
), Burkholder et ae (198.3 ± 6.7 ern-I), and Hammer et ai.s (193.80 ± o.n ern-I). We adopt the 3400 35.647 302.548 269.578 112.098 106.007 lM.521 -0.991 

value of Hammer et al. as determined by high resolution Fourier transform spe.:troscopy. 3500 35.454 303.579 270.535 115.654 105.715 63.305 -0.945 -I 
An A2n state is assumed to exist atapproximatel) 35,000 ern -I but has not been observed. Thi~ state would not contribute significantly to the thermal 3600 35.251 304.575 271.467 119.189 105.411 62.098 -0.901 :t: 

functiOis below 6000 K. 3700 35.038 305.538 272.375 122.703 105.096 60.897 -0.860 m 
3800 34.818 306.469 273.260 126.196 104.769 59.710 -0.821 0 '- 3900 34.589 307.371 274.123 129.667 104.431 53.529 -0.784 

References 4000 34.355 308.243 274.965 133.114 104.079 51.353 -0.749 X 
'"U IM.A.A. Clyne and R.T. Watson, Chern. Phys. Lett. 12 (2),344 (1971). 4100 34.116 309.089 275.787 136.538 103.714 56.193 -0.716 -< :::r C> '< 21.Czanowski and H.J. Schumacher, Chern. Phys. Lett. 17 (2),235 (\972). 4200 33.873 309.908 276.590 139.937 103.336 55.036 -0.684 
Y. 

3J .Berkowitz, P.M. Dehmer and W.A. Chupka, 1. Chern. Phys. 59, 925 (\973). 
4300 33.627 310.702 277.374 143.312 102.943 53.891 -0.655 m 

0 4400 33.379 311.472 278.140 146.662 102.536 51.755 -0.626 Z "Z.ZhaIlg. S.-C. Kuo, R.B. Klemm, P.S. Monk and L.l. Stieff, Chern. Phys. Le:.!. 229 (4-5), :77 (1994). 4500 33.129 312.220 278.889 149.988 102.114 5 .. 629 -0.599 :::r ." (lI slANAF Thermochemical Tables: FIg), June 1982: F2(ret). lune 1982; O(g), Sept. 1982; 02(ret), Sept. 1982). 4600 32.879 312.945 279.622 153.288 101.677 50.510 -0.574 
3 4700 32.630 313.650 280.338 156.564 101.224 49.403 -0.549 .-

6G. HelZberg, Spectra of Diatomic Molecules, D. Van Nostrand Co., New York, 107 (1950). 
4800 32.381 314.334 281.039 159.814 100.755 4006 -0.526 C 

:0 7).B. Burkholder, P.O. Hammer, C.l Howard and A.R.W. McKellar; 1. Mol. S~ectrosc. 118,471 (1986). 4900 32.134 314.999 281.726 163.040 100.270 41.221 -0.503 0 
~ 8p.D. Hammer, A. Sinha, J.B. Burkrolder and Col. Howard, J. Mol. Spectrosc. [29, 199 (1988). 5000 31.8g9 315.646 282.398 /66.241 99.767 46.142 -0.482 :D 
CI 9A.R.W. McKellar, Can. J. Phys. 57. 2106 (1979). 5100 31.646 316.275 283.056 169.418 99.247 45.075 -0.462 6 Ql lOJ.M. Dyke, N. Jonathan, J.D. Milb and A. Morris, Mol. Phys . .ro, 1177 (1980). 5200 31.407 316.887 283.700 172.571 98.711 41.015 -0.442 m _or 5300 31.170 317.483 284.332 175.699 98.155 42.970 -0.423 IIA.R.W. McKellar, C. Yamada and E. Hirota. J. Mol. Spectrosc. 97 (2), 425 (j983). 5400 30.937 318.064 284.952 178.805 97.582 4:.935 -0.406 CJ) 
< 5500 30.708 318.629 285.559 181.887 96.990 46.909 -0.389 

~ 5600 30.483 319.180 286.154 184.947 96.379 39.895 -0.372 
N 5700 30.263 319.718 286.738 187.984 95.748 3&.890 -0.356 
.? 5800 30.046 320.242 287.312 190.999 95.097 31.900 -0.341 

5900 29.834 320.754 287.874 193.993 94.426 36.918 -0.327 
2 6000 29.627 321.254 288.426 196.966 93.734 35.950 -0.313 
~ 
!'J PREVIOUS: Se telllber 1966 I bar·, CURRENT: Se tember 1995 (I bar) 

~ en 
CO 

Oxygen Fluoride (OF) F101(g) 
(X) 

0 ..... 



~ U1 
"0 Oxygen Fluoride (FOO) Ideal Gas Mr = 50.9972032 O~gen Fluoride (FOO) F10 2(g) co 
':3' 

I\) 

'< en drHO(O K) = 27.2 :!: 2 kJ mol-I Enthalpy ReferellCe Temperatul'! = T, = 298.15 K Standard State Pressure = pO = 0.1 MPa 
0 SO(298.15 K)=259.5:!: 0.2 J K- I mol- I MI"(298.15 K) = 25.4:!: 2 kJ mol- ' -.J·K-'mor' ____ kj·mol-' ____ 
':3' 
(I) TIK c; SO -[Go-H"(T,)]ff HO-HO(T,) fl.,Ho ArGo log K, 
3 Electronic Level and Quantum Weights Vibrational Frequencies and Degeneracies 0 .000 .000 INFINITE -11.256 -I 27.240 27.240 INFINITE 
:IJ State €;, em !Ii v, cm- I 50 33.278 193.625 385.481 -9.593 26.728 28.458 -29.730 

~ 100 34.49~ 216.933 296.015 -7.908 26.230 30.385 -15.872 
X2A" 0.0 1486.93(1) 150 37.360 231.437 272.202 -6.115 25.839 32.554 -11.336 

0 200 40.260 242.593 263.455 -4.172 25.590 34.833 -9.098 
Q) 2A' 8630 2 376(1) 250 42.62: 251.841 260.233 -2.098 25.455 37.162 -7.765 
Jit 579.32(1) 298.15 44.453 259.511 259.511 .000 25.400 39.422 -6.907 

< Point Group: C, <T=I 300 44.516 259.786 259.511 .082 25.399 39.509 -6.879 

~ Bond Distance~: F-O = 1.649 . .\ ; 0-0 = 1.200..\ 400 47.41: 273.011 261.295 4.687 25.422 44.213 -5.774 

I\) Bond Angle: F-O--O = 111.2° 
500 49.606 283.838 264.753 9.542 25.537 48.899 -5.108 

(J1 Product of the Moments of Inertia: IAlslc = 84.3487 X 10- 117 g3cm6 
600 51.29~ 293.038 268.720 14.591 25.689 53.557 -4.663 - 700 52.594 301.047 272.778 19.788 25.856 58.189 -4.342 

Z Enthalpy of Formation 800 53.59~ 308.138 276.763 25.100 26.026 62.796 -4.100 
? 1be enthalpy offormation of 02F(g) at 298.15 K, 25.4 :!: 2 kJ'mol- I

, is based on six experimental results. 1-6 Two earlier studies7.8 are not included 900 54.372 314.498 280.609 30.500 26.193 67.382 -3.911 

-I\) in this analysis. The review by Lyman4 recommended an enthalry of formatioll value based on three experimental studies. I
•
7.S 1000 54.983 320.259 284.290 35.969 26.355 71.950 -3.758 

1100 55.472 325.523 287.803 41.492 26.510 76.502 -3.633 .... 
CO These six experimental studies and their recommeJded values ar:!: 1200 55.872 330.368 291.151 47.060 26.656 81.040 -3.528 
CO 

Author d rHO(298 K), kJ'mol- ' T/K of study Technique 
1300 56.210 334.854 294.342 52.665 26.793 85.567 -3.438 

0) 1400 56.504 339.030 297.387 58.301 26.920 90.083 -3.361 
1500 56.769 342.938 300.295 63.965 27.037 94.590 -3.294 

Lyman and Hollandl 23.0:!: 1.7 298K Kinetic study of reaction F+02 1600 57.013 346.609 303.076 69.654 27.145 99.090 -3.235 
Holland etal.2 24.1 Unpublished; kinetic study of reaction F+02 1700 57.250 350.073 305.739 75.367 27.244 103.584 -3.183 

Shamonima and Kotov3 21.6 223-293 K EPR measurement of rate constants 1800 57.478 353.352 308.294 81.104 27.334 108.072 -3.136 

Lyman4 1900 57.702 356.466 310.748 86.863 27.418 112.555 -3.094 3: 22.9 Review 2000 57.923 359.431 313.109 92.644 27.496 117.034 -3.057 
Pagsberg et ae 26.1 :!: 2.1 295-359 K Spectrokinetic study 2100 58.146 362.262 315.383 98.448 27.571 121.509 -3.022 » 
Campuzano-Jost et al.6 24.7:!: 4 100-420 K Spectrokinetic study 2200 58.366 364.972 317.575 104.273 27.644 125.981 -2.991 r 

2300 58.585 367.572 319.693 110.121 27.716 130.449 -2.963 0 
Heat Capacity and Entropy 2400 58.800 370.070 321.740 115.990 27.791 134.913 -2.936 0 

1be structure of this molecule is bent with a F-O-O angle of 11.20 based on the diode-laser spectrum as obtained by Yamada and Hirota.9 The 2500 59.011 372.474 323.722 121.881 27.870 139.375 -2.912 r 
bond length is F-O = 1.649..\ and 0-0 = 1.200 ASupporting structural information is available from the infrared study of McKellar et al. IO

, a 2600 59.220 374.793 325.642 127.793 27.954 143.834 -2.890 3: 
microwave study by Bogey et a/. ", and a la~er magnetic rescnance study by Bley et al. l2 The principle moments of inertia (in g cm2

) are: 
2700 59.42 377.032 327.504 133.725 28.046 148.289 -2.869 
2800 59.616 379.196 329.312 139.677 28.146 152.741 -2.849 ~ IA = 1.0714X 10- 39

,/8 = 8.3532X 10-39
, and Ie = 94246X 10-39

• 2900 59.803 381.292 331.068 145.648 28.257 157.189 -2.831 
1bere are numerous studies from which vibmtional frequencies are derived: Yamada and Hirota9

, Mckellar et al. w, Arkell 13, Noble and Pimentel 14 , 3000 59.982 383.322 332.776 151.637 28.378 161.633 -2.814 0 
Spratley et al. IS

, Jacox l6, and Kim and CampbellY We adopt the recommendations of Jacox lS, using ga~ pha~e values for VI and V3 and the nitrogen 3100 60.151 385.292 334.439 157.644 28.512 166.073 -2.798 ::I: 
matrix X value for V2.

IS Similar vibmtional frequencies were recommended by Lyman4 in an earlier review. 
3200 6O.31J 387.204 336.058 163.667 28.659 170.507 -2.783 » 3300 60.465 389.062 337.636 169.706 28.819 174.937 -2.769 

Lyman stated that the published absorption spectla of 02F Glissman and Schumacherl9 and Matchuk et al. 20 indicated no electronic states at energies 3400 60.606 390.869 339.175 175.760 28.992 179.363 -2.756 C/) 

below the dissociation energy of the molecule. Jacox lS in her re\'iew, discussed four absorption studies in which a maximum has been observed at 3500 60.73& 392.628 340.678 181.827 29.180 183.783 -2.743 m 
205nm by Chegodaev and Tupikov21, 420nm by Fe,senden and S(huler22, and 445nm Matchuk et al.20 Jacox 16 observed the onset of dissociation near 3600 60.86 394.341 342.145 187.907 29.382 188.197 -2.731 

49Onm. Only the X and A states are used in the c~Iculation. 
3700 60.973 396.010 343.578 193.999 29.597 192.606 -2.719 
3800 61.07~ 397.637 344.979 200.101 29.826 197.009 -2.708 

References 3900 61.17 399.225 346.350 206.214 30.068 201.406 -2.698 
IJL Lyman and R. Holland, J. Phys. Chern. 92, 1232 (1988). 4000 61.256 400.775 347.691 212.335 30.323 205.795 -2.687 

2R.Holland, GL Loge and JL Lyman, (unpublished). 4100 61.332 402.289 349.004 218.465 30.589 210.179 -2.678 

3N.F. Shamonima and A.G. Kotov, Kinet. Katal. 20, 233 (1979). 
4200 61.400 403.767 350.291 224.601 30.867 214.556 -2.668 
4300 61.46 405.213 351.551 230.744 31.156 218.926 -2.659 

4J.L. Lyman, J. Phys. Chern. Ref. Data 18 (2), 799 (1989). 4400 61.5D 406.626 352.787 236.893 31.455 223.289 -2.651 
sP.Pagsberg, E. Ratajczak, A. Sillensen and J.T. Jodkowski. Chern. Phys. Leu. 141 (1,2), 88 (1987). 4500 61.559 408.009 353.999 243.047 31.762 227.645 -2.642 

6P.Campuzano-Jost, A.E. Crocec, H. Hippler, M. Siefke and J. Troe, J. Chern. Phys. 102 (13), 5317 (1995). 4600 61.59' 409.363 355.188 249.205 32.077 231.994 -2.634 

7H.1. Schumacher and P. Frisch, Z. physik. Chern. Abt. 827, 1 (1937). 
4700 61.63: 410.688 356.355 255.366 32.399 236.337 -2.627 
4800 61.651 411.986 357.500 261.531 32.726 240.673 -2.619 

sJ.B. Levy and B.K.W. Copeland, J. Phys. Chern. 69, 408 (1965). 4900 61.678 413.257 358.625 267.698 33.058 245.002 -2.612 
9c. Yamada and E. Hirota, J. Chern. Phys. 80 (10, 4694 (1984). 5000 61.69~ 414.503 359.730 273.866 33.393 249.324 -2.605 

IOA.R.W. McKellar, J.B. Burkholder, A. Sinha and c.J. Howard. J. Mol. Spectrosc. 125-127,288 (1987). 5100 61.705 415.725 360.816 280.036 33.729 253.640 -2.598 

"M. Bogey, P.B. Davies, C. Demuynck, J.L. DeSlOmbes and TJ. Sears, Mol. Phys. 67 (5), 1033 (1989). 
5200 61.71! 416.924 361.884 286.207 34.066 257.948 -2.591 
5300 61.714 418.099 362.933 292.379 34.402 262.251 -2.585 

12U. Bley, P.B. Davies, M. Grantz, T.1. Sears, and F. Temps, Oem. Phys. 152, 281 (1991). 5400 61.713 419.253 363.966 298.550 34.736 266.546 -2.578 
IJA. Arkell, J. Am. Chern. Soc. 87,4057 (1965). 5500 61.708 420.385 364.981 304.721 35.065 270.835 -2.572 

'4P.N. Noble and G.c. Pimentel, J. Chern. Phys. 44, 3641 (1966). 5600 61.700 421.497 365.980 310.891 35.389 275.120 -2.566 

ISR.D. Spratley, J.1. Turner and G.c. Pimentel. J.Chem. Phys. 44 (5). 2063 (1966). 
5700 61.688 422.589 366.964 317.061 35.706 279.398 -2.560 
5800 61.6n 423.661 367.932 323.229 36.014 283.671 -2.555 

16M.E. Jacox, J. Mol. Spectrosc. 84, 74 (1980). 5900 61.658 424.716 368.886 329.396 36.312 287.937 -2.549 
17K.C. Kim and G.M. Campbell, Chern. Phys. Len. 116,236 (1985). 6000 61.63? 425.752 369.825 335.560 36.598 292.200 -2.544 

'SM.E. Jacox, 1. Phys. Chern. Ref. Data, Monognlph No.3 (l99t). 
19A. Glissman and H.J. Schumacher, Z. physik. Cilem 824. 328(1934). PREVIOUS: Se tember 1966 (I ba') CURRENT: Se tember 1995 D bar) 

2OM.M. Matchuk, V.1. Tupikov, A.I. Malkova and S.Ya. Pshezhttskii, Opt. i. Spektrosk. 40, 14 (1976). 
2Ip.p. Chegodaev and V.1. Tupikov, Dokl. Akad. Nauk SSSR 210 (3), 647 (1973). 
22R.W. Fessenden and R.H. Schuler, J. Chern. Phys. 44, 434 (1966). Oxygen Fluoride (FOOl F10 2(g) 



Oxygen Fluoride (OFO) Ideal Gas Mr = 50.9972032 Oxygen Fluoride (OFO) F10 2(g) 

t)..,W(O K) = [790 :!:: 201 kJ 0101- 1 t).rW(O K) = [381.2 :!:: 20] kJ mol-I Eathalpy Reference Temperature a T, = 298.15 K Staldanl State Pressure. pO - 0.1 MPa 
5°(298.15 K)= [251:':: 11 J K- I 0101- 1 t).rH"(298.15 K) = [378.6 ± 20] kJ mol-I ..----J·K-'mol-' ____ kj·mol-' ____ 

TIK c; so -[Go-W(T,»)" HO-HO(T,) lA,Ho A,G° IogK, 

0 .000 .000 INFINITE -10.538 381.180 381.180 INFINITE 
50 33.258 189.213 366.723 -8.875 381).667 382.618 -399.719 

Electronic Levels and Quantum Weights 100 33.370 212.280 284.393 -7.211 38il.149 384.770 -200.983 
150 34.218 225.938 262.776 -5.526 37~.650 387.190 -134.832 State cm- l gi 200 35.991 236.005 254.874 -3.774 379.210 389.772 -101.798 Z 
250 38.446 244.290 251.951 -1.915 371.860 392.454 -81.999 en eB21 0 [2] ,98.15 41.126 251.289 251.289 .000 371.622 395.096 -69.219 -I 

eBd [1049.3] [2] 300 41.230 251.544 251.290 .076 37&.615 395.198 -68.810 I c.. 400 46.544 264.155 252.973 4.473 37g.431 400.764 -52.334 > 500 50.581 275.001 256.319 9.341 37!.557 406.338 -42.450 Vibrational Frequencies and Degenera:ies 
600 53.294 284.481 260.240 14.544 371.864 411.867 -35.856 Z 

v, cm- I 
700 55.036 292.837 264.312 19.967 37~.257 417.337 -31.142 > 

[1050]( I) 800 56.142 300.264 268.351 25.530 379.678 422.748 -27.603 ." 
[600](1) 900 56.849 306.920 272.273 31.183 381).098 428.107 -24.847 -I 
[1200](1) 1000 57.306 312.935 276.043 36.892 381).501 433.41.9 -22.640 J: 

1100 57.606 318.412 279.650 42.639 381).878 438.693 -20.832 m 1200 57.806 323.434 283.092 48.410 381.228 443.933 -19.324 lJ Point Group: [e2v] 0"=2 1300 57.942 328.066 286.376 54.198 381.548 449.146 -18.047 
Bond Distance: F-O = [1.5591]1\ 1400 58.034 332.364 289.509 59.997 381.838 454.334 -16.951 s: 
Bond Angle: O-F-O = [76.75t 1500 58.098 336.370 292.501 65.804 38t.098 459.503 -16.001 0 
Product of the Moments of Inertia: IA/slc = [116.EI32 X 1O Il7

] g3cm6 
1600 58.143 340.121 295.361 71.616 38t329 464.656 -15.169 0 
1700 58.174 343.647 298.099 77.432 38t531 469.795 -14.435 J: 1800 58.196 346.973 300.723 83.250 382.703 474.923 -13.782 m Enthalpy of Formation 1900 58.211 350.120 303.240 89.071 38t.848 480.042 -13.197 s: The enthalpy of formation was calculated ba<;ed on the molecular geometry optimization of Gosavi et al. l This calculation yielded the result 2000 58.222 353.106 305.660 94.892 382.967 485.1~4 -12.671 

t).rH(OFO) - t).rlJ(FO:J) = 356 kJ·mol- l
. It is assur:1ed that this calculated difference referred tl) 0 K. In contra~t, Gole and Hayes2 earlier calculated 2100 58.230 355.947 307.987 100.715 381.061 490.261 -12.195 (5 

2200 58.235 358.656 310.229 106.538 381.131 495.365 -11.761 > difference of >418 kJ-mol- l
. 2300 58.238 361.244 312.391 112.362 38U80 500.465 -11.366 r-2400 58.240 363.723 314.479 118.186 3I:B.209 505.563 -11.003 

Heat Capacity and Entropy 2500 58.241 366.101 316.497 124.010 381.221 510.661 -10.670 -I 
2600 58.242 368.385 318.449 129.834 383.218 515.759 -10.362 > The molecular geonetry adopted here is that used by Gosavi et al. 1 in their quantum mechanical calculations (6-31 G basis sets). The structure was 2700 58.242 370.583 320.339 135.658 383.201 520.857 -10.077 OJ 

calculated to be bent with a O-F-O angle of [76.7~T The bond .length was calculated to be [1.559I]A. The principle moments of inertia (in g cm2) 2800 58.241 372.701 322.172 141.482 38U74 525.956 -9.812 r-
are: IA = 2.9573X \O-I~, III = 4.9779x \O-3~, and Ic= 7.9351 X 10-.19. 2900 58.240 374.745 323.949 147.307 38U38 531.055 -9.565 m 

Gosavi et al. 1 examined the molecular geometry optimization of four electronic states of OFO at the RHF-SCF level with 6-31 G and 6--3IG* basis 3000 58.240 376.719 325.676 153.131 381.094 536.157 -9.335 f/J 
sets. In contrast, earlier calculations by Gole and Hlyes2 were based on a double-zeta sp basis set SCF total energy calculations as a function of the 3100 58.239 378.629 327.353 158.954 383.045 541.260 -9.120 'T1 3200 58.238 380.478 328.985 164.778 38t992 546.364 -8.918 
OFO bond angle. Thi, latter study suggested a 28 1 ground state with a bond angle of 128.22° (assuming a O-F bond distarce of 1.19 A). 3300 58.237 382.270 330.572 170.602 381.937 551.470 -8.729 0 

The vibrational frequencies are estimated from the corresponding vibrational frequencies which describe the other OXO(g) molecules, where X = CI 3400 58.235 384.008 332.119 176.426 382.881 556.579 -8.551 lJ 
and Br. 3500 58.234 385.697 333.625 182.249 38!.824 561.688 -8.383 -I 3600 58.233 387.337 335.095 188.072 38t769 566.799 -8.224 J: 3700 58.232 388.933 336.528 193.896 382.716 571.911 -8.074 m References 3800 58.231 390.485 337.928 199.719 382.665 577.026 -7.932 
IR.K. Gosavi, P. Raghunathan and O.P. Stauz, J. Mol. Struct. 133,25 (1985). 3900 58.230 391.998 339.295 205.542 38!.618 582.142 -7.797 0 ~ 2J.L. Gole and E.F. Hayes, Intern. J. Quantum Chern. Symp. No.5, 519 (1969). 4000 58.229 393.472 340.631 211.365 38t574 587.258 -7.669 >< "U 4100 58.228 394.910 341.937 217.188 382.535 592.376 -7.547 < :::r 4200 58.227 396.313 343.216 223.011 38!.499 597.494 -7.431 

" '< 4300 58.226 397.683 344.466 228.833 38!.467 602.614 -7.320 !Il 4400 58.226 399.D22 345.691 234.656 38t.439 607.733 -7.215 m 
0 4500 58.225 400.330 346.891 240.478 382.416 612.854 -7.114 Z 
:::r 4600 58.224 401.610 348.066 246.301 38!.395 617.974 -7.017 ." (l) 

4700 58.223 402.862 349.219 252.123 38!.378 623.096 -6.925 r-? 4800 58.222 404.088 350.349 257.945 38!.363 628.218 -6.836 C 
:II 4900 58.222 405.289 351.458 263.768 38U50 633.341 -6.751 0 
~ 

5000 58.221 406.465 352.547 269.590 38!.339 638.463 -6.670 
5100 58.220 407.618 353.615 275.412 38!.327 643.586 -6.592 lJ 

0 5200 58.220 408.748 354.665 281.234 38U15 648.708 -6.516 is III 5300 58.219 409.857 355.696 287.056 38U02 653.832 -6.444 m ~ 5400 58.219 410.945 356.709 292.878 38t286 658.955 -6.374 f/) 5500 58.218 412.014 357.705 298.700 38t266 664.078 -6.307 < 5600 58.218 413.063 358.684 304.521 38t241 669.203 -6.242 0 
:- 5700 58.217 414.093 359.647 310.343 382.210 674.327 -6.180 
N 5800 58.217 415.106 360.594 316.165 38/.172 679.453 -6.119 
.? 5900 58.216 416.101 361.527 321.986 38U25 684.577 -6.061 
Z 6000 58.216 417.079 362.445 327.808 382.068 689.705 -6.004 
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~ 
Oxygen Fluoride (FOF) Ideal Gas Mr = 53.9962064 Oxygen Fluoride (FOF) 

en 
"tJ 

F20 1(g) en 
~ 

~ 
'< 
~ D..,fr(O K) = 375 ± 2 kJ mol-I A{HO(OK) = 26.8 ± 2 kJ mol-I Enthalpy Rererence Temperatun = T. s 2?8.1S K Standard State Ptessure" pO = 0.1 MPa 
Ci SO(298.15 K) = 247.46 ± 0.4 J K -I RlOl'l D.rW(298.15 K) = 24.5 ± 2 kJ mol-I -----J·K-'mol'· ____ kJ·mor' ____ 
~ 
(I) TIK c; so -[Go-Ir(T,)1D HO-HO(T,) 4 tH ° ~,G0 IogK, 

3 
Electronic Level and Quantum Weight 

0 .OO() .000 INFINITE -10.895 26.791 26.791 INFINITE 
:D 50 33.261 183.592 368.242 -9.232 26.278 28.436 -29.707 

~ Stale E" (m- I gj 100 33.751 206.729 282.351 -7.562 25.765 ~.795 -I6.0!!5 
150 35.531 220.714 259.612 -5.835 25.307 33.412 -11.635 

0 
IXIAj 

200 38.05{ 231.271 251.255 -3.997 24.946 35.171 -9.447 
III 0.0 250 40.796 240.057 248.159 -2.026 24.686 39.009 -8.150 

~ 298.15 43.30:; 247.460 247.460 .000 24.520 41.784 -7.320 

< Vibrational Frequen:ies and Degeleracies 300 43.392 247.728 247.461 .080 24.515 41.891 -7.294 

~ v, cm-I 400 47.58{ 260.820 249.217 4.641 24.371 47.711 -6.230 

N 92811) 500 50.462 271.769 252.663 9.553 24.388 53.546 -5.594 

.? 46111) 600 52.~ 281.152 256.648 14.702 24.484 5!U69 -5.169 
700 53.72~ 289.336 260.746 20.013 24.616 65.173 -4.863 

Z 83111) 800 54.66< 296.574 264.781 25.435 24.760 70.957 -4.633 
? 900 55.342 303.054 268.680 30.937 24.905 76.723 -4.453 

~ Point Group: Clv eT = 2 1000 55.84; 308.912 272.415 36.498 25.045 82.473 -4.308 

.... Bond Distance: F-O = 1.412 A 1100 56.23:; 314.254 275.979 42.103 25.175 88.210 -4.189 

<0 Bond Angle: F-O-F = 103° 10' 
1200 56.531 319.160 279.376 47.741 25.294 93.935 -4.089 

<0 1300 56.76~ 323.695 282.613 53.407 25.398 W.65 I -4.004 
0\ Product of the Moments of Inertia: IAlwe = 101.8236 X 10- 117 g3cmo 1400 56.95~ 327.909 285.699 59.093 25.487 105.359 -3.931 

1500 57.11: 331.844 288.646 64.797 25.560 1l1.061 -3.867 

1600 57.241 335.534 291.462 70.515 25.616 115.759 -3.812 
1700 57.3~ 339.008 294.158 76.245 25.654 122.455 -3.763 

Enthalpy of Formation 1800 57.43~ 342.288 296.742 81.984 25.676 128.148 -3.719 
King and Amlstrong l have establi>hed the enthalpy of formation with a serie; of reactions in a flame calorimeter. They Immed OF2 in hydrogen 1900 57.51~ 345.396 299.221 87.732 25.6R2 133.841 -3.680 s: 

to give HF aqueous; in addition they burned F2 ill hydrogen and O2 in hydrogen so that the enthalpy of formation, 24.52 kJ mor I, Wa<l directly 2000 57.SSC 348.348 301.605 93.487 25.674 139.534 -3.644 » 
obwina')le. This value wa~ in good agreement wit) the recalculated values of WaI1enberg and Klinkote, 23.85 ± 12.6 kJ mol-I, and of Ruff and 2100 57.631 351.159 303.898 99.248 25.656 145.227 -3.612 r-
Menzel l

, 19.66 ± 8.45 kJ mol-I but differed from [rat of Bisbee et al.4
, - 16.99 ±: 8.4kJ mOrl. There are several factors in tbe experiments of Bisbee 

2200 57.681 353.841 306.108 105.014 25.628 150.922 -3.583 (') 
2300 57.73C 356.406 308.239 110.785 25.595 155.611 -3.557 

el al. trat might cause the enthalpy Jf formation to be too negative. We adopt :he value of 2t..52 kJ mol-I, reported by K:ng and Armstrong. 1 2400 57.7~ 358.864 310.298 116.560 25.561 162.314 -3.533 0 
2500 51.801 361.223 312.288 122.338 25.527 HK013 -3.510 r-

Heat Capacity and Entropy 
2600 57.831 363.491 314.214 128.120 25.498 173.713 -3.490 s: 

The Hructural parameters are those reported bl Pierce et al.5 for the avenge ground state molecule from the micrcwave spectrum. Earlier 
2700 57.85E 365.674 316.080 133.904 25.478 11).414 -3.471 :E 2800 57.882 367.118 311.889 139.691 25.468 185.116 -3.453 

measurements of Hilton et al.6 disag:ee bu} accordillg to Pierce et al.7
, the line aisignments used by Hilton et al. are incorre£t. The microwave study 2900 57.90~ 369.810 319.644 145.481 25.413 19:1.817 -3.437 

of Morino and Sait08 yielded To = 1.4053 A and an angle of 103°4' which is in a~reement with our adopted values. The principle moments of inertia 3000 57.923 371.173 321.349 151.272 25.495 195.519 -3.422 (') 

(in g cn2) are: fA = 1.4392 X 1O-39,1t1 = 7.7225 X 10-39 and Ie = 9.1617 X 10-39
• 

3100 57.94C 373.673 323.007 157.065 25.535 202.219 -3.407 ::I: 
We adopt the vibrational frequencies reported by Jones et al.", several other irvestigators re~orted similar values. I

()"12 Ne~en et al. 13 obtained the 
3200 57.95~ 375.513 324.619 162.860 25.591 207.917 -3.394 » 
3300 57.971 377.296 326.188 168.656 25.682 213.614 -3.381 CJ) 

harmonic frequencies and the anharmonic constant~ for the three vibrations. 3400 57.984 379.027 321.717 174.454 25.792 2H.307 -3.369 m 
Theft are numerous more recent !ludies focusing on Fermi resonance and Coriolis coupling but the results support our adopted values. 3500 51.99f 380.108 329.207 180.253 25.921 224.997 -3.358 

3600 58.001 382.342 330.660 186.053 26.090 2~.682 -3.347 
3700 58.Ql~ 383.931 332.079 191.855 26.279 235.363 -3.337 

References 3800 58.021 385.479 333.464 197.657 . 26.496 242.Q38 -3.327 
'R.C. King and G.T. Artmstrong, J. Res. Nat. Bur. Stand. 72A, 113 (1968). 3900 58.03~ 386.986 334.817 203.460 26.742 247.707 -3.318 

2H. Wartenberg and G.Z. Klinkott, Z. Anorg. Chem. 193,409 (1930). 4000 58.044 388.456 336.140 209.264 27.016 253.369 -3.309 

30. Ruff and W. Menzel, Z. Anorg. Chern. 190,257 (1930). 
4100 58.052 389.889 337.433 215.069 27.318 25!W24 -3.300 
4200 58.059 391.288 338.699 220.874 27.649 264.672 -3.292 

4W.R. Bisbee, J.V. Hamilton, R. Ru,hworth, TJ. Houser, and J.M. Gerhauser, I\dvan. Chern. Ser. 54, 215 (1965). 4300 58.065 392.654 339.938 226.681 28.006 270.311 -3.284 
5L. Pielce, N. DiCianni and R.H. Ja:kson, J. Chern. Phys. 38, 730 (1963). 4400 58.071 393.989 341.151 232.487 28.392 275.942 -3.276 

°A.R. Hilton, A.W. Jache, J.B. Beal W.D. Henderson and R.J. Robinson, J. Oem. Phy.s. 34 iI961). 
4500 58.071 395.294 342.340 238.295 28.803 281.563 -3.268 

7L. Pielce, R.H. Jackson and N. DiCianni, 1. Chern. Phys. 35, 2240 (1961). 
4600 58.082 396.571 343.505 244.103 29.241 287.115 -3.261 
4100 58.081 397.820 344.647 249.911 29.704 292.778 -3.254 

By. Maino and S. Saito, J. Mol. Sp.!ct. 19(4), 435-53 ([966). 4800 58.092 399.043 345.168 255.720 30.192 298.370 -3.247 
YE.A. J,)nes, 1.S. Kirby-Smith, P. 1.:-:1. Woltz and .\.H. Nielsen, J. Chern. Phys. 19,337 (1951). 4900 58.09/ 400.241 346.867 261.530 30.702 303.952 -3.240 

I(lH.J. Bernstein and J. Pow ling, J. Chern. Phys. 18,685 (1950). 
5000 58.101 401.415 347.947 267.339 31.236 3<».523 -3.234 

IIG. Hettner, R. Pohlman and H.J. Schumacher, Z, Physik. 96, 203 (1935). 
5100 58. lOS 401.565 349.006 273.150 31.79Q 315.083 -3.227 
5200 58.10~ 403.694 350.047 278.960 32.366 320.632 -3.221 

12G.B.B.M. Sutherland and W.G. Penney, Proc. Roy. Soc. (London) 156A, 678 (1936). 5300 58.11" 404.800 351.070 284.771 32.961 326.111 -3.215 
IIJ.W. \lebgen, F.I. Metz and W.B. Rose, J. Mol. Spectrosc.21, 99 (1966). 5400 58.11~ 405.887 352.075 290.583 33.573 331.697 -3.209 

5500 58.1H 406.953 353.063 296.394 34.203 337.211 -3.203 
5600 58.121 408.000 354.035 302.206 34.849 342.716 -3.197 
5700 58.12'- 409.029 354.991 308.019 35.510 3<ti.201 -3.191 
5800 58.m 410.040 355.931 313.831 36.184 353.681 -3.185 
5900 58.12S 411.034 356.857 319.644 36.871 359.155 -3.180 
6000 58.131 412.011 357.768 325.457 31.568 3<:4.612 -3.174 

PREVIOUS-pecember 1969 (J bar) CURRENT: Seotember 1995 

Oxygen Flu()ride (FOF) F20 1(g) 



Oxygen Fluoride (FOOF) Ideal Gas Mr = 69.9956064 Oxygen Fluoride (FOOF) F20 2(g) 

t1rHO(O K) - 22.9 ::!: 2.0 kJ mol-I Emthalpy Reference Temperature' T • .. 298.15 K Standard State Pressure _ pO = 0.1 MPa 
5°(298.15 K) = 277.2 ::!: 0.2 J K- I mol- ' t1rHO(298.15 K) "" 19.2 ::!: 2.0 kJ mol-I ----J·K-'mol- I ____ kj·mol-' ____ 

TIK c; SO -[G'-IIV.)lff HO-II°(T.) 11,11° 11,(1° IogK, 

0 .000 .000 INFINITE -13.778 22.930 22.930 INFINITE 
50 34.134 197.692 439.855 - 12.108 21.699 26.981 -28.187 

100 39.458 222.827 325.625 - 10.280 20.617 32.702 -17.082 

Electronic Level and Quantum Weight 150 46.225 240.092 294.354 -8.139 19.844 38.925 -13.555 
Z 200 52.643 254.291 282.610 -5.664 19.393 45,362 -11.847 

Stale fe" cm- I g, 250 57.967 266.632 278.206 -2.894 19.203 51.881 -10.840 iii 
298.15 62.073 277.206 277.206 .000 19.200 58.177 -10.192 -I 

0.0 300 62.213 277.591 277.207 .115 19.203 58.419 -10.172 
. 
Co. 

400 68.291 296.385 279.729 6.663 19.560 71.448 -9.330 » 
Vibrational Frequencies and Degeneracies 500 72.244 312.079 284.673 13.703 20.176 84.352 -8.812 Z 

v.cm- I v,cm- I 600 74.896 325.500 290.386 21.068 20.908 97.119 -8.455 » 
1210(1) 202(1) 

700 76.732 337.192 296.256 28.655 21.689 109.760 -8.190 T1 800 78.040 347.528 302.031 36.397 22.484 122.287 -7.985 
630(1) 614(1) 900 78.997 356.778 307.609 44.251 23.279 134.715 -7.819 -I 
360(1) 466(1) 1000 79.716 365.140 312.951 52.189 24.064 147.054: '-7.681 J: 

1100 80.267 372.764 318.047 60.189 24.836 159.316 -7.565 m 
Point Group: Cs 0"=1 

1200 80.697 379.768 322.903 68.238 25.590 171.508' -7.466 :D 
1300 81.039 386.241 327.529 76.326 26.325 183.638 " -7.379 3: Bond Distances: F-O= 1.575 A; 0-0 = 1.217 A 1400 81.316 392.257 331.940 84.444 27.039 195.712 -7.302 

Bond Angles: Q.c.O-F = 109°30'; dihedral angle = 87°30' 1500 81.542 397.875 336.151 92.587 27.731 207.736 -7.234 0 
Produci of the Mome1ts of Inertia: IAh/c = 1.3348 X 10- I 14 g3cm6 1600 81.729 403.144 340.175 100.751 28.398 219.714 -7.173 C') 

1700 81.885 408.104 344.026 108.932 29.042 231.652 -7.118 J: 
1800 82.017 412.788 347.717 117.127 29.662 243.552 -7.068 m 
1900 82.130 417.225 351.260 125.334 30.258 255.418 -7.022 3: Enthalpy of Formation 2000 82.226 421.441 354.664 133.552 30.832 267.254 -6.980 

5 A critical measurement for the calculation of the thermodynamic functions for both 02F and 02F2 is the standard enthalpy of formation of 02F2 2100 82.310 425.455 357.941 141.779 31.387 279.061 -6.941 

by Kirshenbaum el al.I These authors made a calorimetric measlrement at 19C K for decomposition of 02F2 into O2 and F2. Conversion of that 
2200 82.383 429.285 361.097 150.014 31.924 290.843 -6.905 » 
2300 82.446 432.949 364.142 158.256 32.446 302.600 -6.872 r 

measurement from 190 K to the standard enthalpy of formation at 298 K required knowledge of the difference in constant-volume heat capacity 2400 82.502 436.459 367.083 166.503 32.958 314.334 -6.841 -I between the reactant (02F2) and the products (02 and F2). The authors assumed Ihat difference to be zero over the entire range. With the published 2500 82.552 439.828 369.926 174.756 33.461 326.048 -6.812 

heat capacities for fluorine and oxygen, plus that for 02F2 reported here, we fird that the average heat capacity difference over the 190 to 298 K 2600 82.596 443.066 372.677 183.013 33.960 337.742 -6.785 » 
tempemture range to be 1.41 cal K- I mol-I. The standard enthalpy of formation that Kirshenbaum etal. reponed wa~ t1rHO(02F2, 2700 82.635 446.184 375.342 191.275 34.458 349.417 -6.760 CD 

2800 82.671 449.190 377.926 199.540 34.958 361.073 -6.736 r 
298.15 K) = 19.8::!: 1.3 kJ·mol- ' . With the heat capacity correction suggested by Lyman2, it became t1rH°(02F2, 298.15 K) = 19.2::!: 0.84 kJ'mol- 1 2900 82.703 452.092 380.434 207.809 35.463 372.710 -6.713 m 
a~ suggested by Lyman.2 3000 82.731 454.896 382.869 216.081 35.977 384.331 -6.692 en 

The value adopted is that recommended by the evaluation of Lfman2
, with ar, increased uncertainty. 3100 82.757 457.609 385.237 224.355 36.501 395.935 -6.671 T1 

3200 82.781 460.237 387.540 232.632 37.038 407.520 -6.652 0 3300 82.802 462.785 389.781 240.911 37.590 419.089 -6.634 
Heat Capacity and Entropy 3400 82.822 465.257 391.965 249.192 38.160 430.641 -6.616 :D 

The structure of this molecule i~ estimated to be ~ nonli,near cha:n with an O--O--F bond angle of 109°30' and a dihedral angle 87°30'. The adopted 3500 82.840 467.658 394.094 257.475 38.747 442.176 -6.599 -I 
bond lengths are r(F-O) = 1.575 A and r(O--O) = 1.217 A from the microwave study of Jackson.3 The principle moments of inertia (in g cm2) are: 3600 82.857 469.992 396.170 265.760 39.354 453.695 -6.583 J: 
IA = 4. I 409 X 1O-.19,/B = 1.6747X 10-38, Ie = 1.9247 X 10-38• 

3700 82.872 472.262 398.196 274.047 39.982 465.195 -6.567 m 
3800 82.886 474.473 400.174 282.335 40.631 476.679 -6.552 

c.. The vibrational frequencies are those recommended in the revew by Jacox.4 For VI -Vs we adopt the gas phase results (rather than the matrix 3900 82.899 476.626 402.\07 290.624 41.301 488.146 -6.538 0 
isolation matrix) of Kim and Can1pbell.s For V6 we "dopt the results of Spratley et al.6 which were derived from oxygen matrix isolation studies. For 4000 82.911 478.725 403.996 298.914 41.994 499.594 -6.524 >< "'0 
Vz, V3 and Vs. these matrix isolation studies agree within 6 cm- I of the gas phase results. The matrix isolation results of Arke1l7

, Gardiner et al.8 and 4100 82.922 480.772 405.844 307.206 42.709 511.025 -6.511 < :3' 4200 82.933 482.771 407.652 315.499 43.446 522.439 -6.497 G) '< Jacox4 are in support of these values. 
9' 4300 82.943 484.722 409.421 323.793 44.204 533.835 -6.485 m 
0 

4400 82.952 486.629 411.155 332.087 44.984 545.212 -6.472 Z 
:3' References 4500 82.960 488.493 412.853 340.383 45.786 556.572 -6.461 
(1) ~A.D. Kirshenbaum, A.V. Grosse and J.G. Asto.n, J. Am. Chern. Soc. 81,6398 (1959)., 4600 82.968 490.317 414.517 348.679 46.607 567.913 -6.449 T1 
3 4700 82.975 492.101 416.149 356.977 47.447 579.237 -6.438 r J.L. Lyman, J. Phys. Chern. Ref. Data 18(2),799 (1989). 4800 82.982 493.848 417.749 365.274 48.306 590.543 -6.426 c: 
:D 3R.H. Jackson, J. Chern. Soc. 4585 (1962). 4900 82.989 495.559 419.320 373.573 49.182 601.831 -6.416 0 
~ 4M.E. Jacox, J. Phys. Chern. Ref. Data, Monograph No.3, 1 (1994). 5000 82.995 497.236 420.861 381.872 50.074 613.101 -6.405 :D 
0 sK.C. Kim and G.M. Can1pbell, Appl. Spectrosc. 39(4), 625-8 (1985). 5100 83.001 498.879 422.375 390.172 50.981 624.352 -6.395 C 
P 6R.D. Spratley, J.J. Turner and G.c. Pimentel, J. Chern. Phys. 44(5), 2063 (1966). 5200 83.006 500.491 423.862 398.472 51.902 635.585 -6.385 

5300 83.012 502.072 425.323 406.773 52.835 646.802 -6.375 m 
7A. Arkell, J. Am. Chern. Soc. 87, 4058 (1965). 5400 83.016 503.624 426.758 415.075 53.779 657.999 -6.365 en 

< 80.1. Gardiner, N.J. Lawrence and U. Turner, J. Chern. Soc. A, 4)() (1971). 5500 83.021 505.147 428.170 423.377 54.732 669.179 -6.355 

~ 5600 83.025 506.643 429.558 431.679 55.693 680.343 -6.346 
5700 83.030 508.113 430.923 439.982 56.659 691.488 -6.337 

N 5800 83.033 509.557 432.267 448.285 57.630 702.618 -6.328 !J1 5900 83.037 510.976 433.589 456.588 58.604 713.729 -6.319 
Z 6000 83.041 512.372 434.890 464.892 59.578 724.825 -6.310 
? 
~N PREVI RENT' 1 5 I 
.... 
CD en 
CD 0) <» Oxygen Fluoride (FOOF) F20 2(g) en 
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7. Conclusions 

Of the oxygen fluorides mentioned in the literature, only 
four have been isolated and characterized: FO(g), FOO(g), 
FOF(g), and FOOF(g). Although two isomers have not been 
observed (OFO and FFO), we include an estimated table for 
OFO since calculations exist which describe the vibrational 
frequencies, geometry and enthalpy of formation. A calcula
tion exists for the enthalpy of formation of FFO. All indica
tions are that these two molecules are extremely unstable. 

In the following table, a summary of the recommended 
thermodynamic properties at ambient conditions for five oxy
gen fluorides are given. The brackets indicate estimated val
ues. The recommended values contain a significant uncer-

tainty only for OFO(g). However, this species has not been 
observed in the gas phase and may not be important in any 
practical problems. The prime effort should be directed at 
confirming the dissociation energy of FO. It is necessary to 
obtain a dissociation energy of FO independent of the value 
of the enthalpy of formation of OF2. Independent confirma
tory information is required for FOF and 02F2. For all of the 
polyatomic gaseous species, except OFO, spectroscopic mea
surements for the geometry and vibrational frequencies are 
sufficiently reliable that the uncertainties in the resulting ther
mal functions are acceptable. 

Additional confirmation is needed as to the existence of the 
condensed phases, although this a much lower priority. Heat 
capacity and enthalpy measurements are not necessary at this time. 

7.1. Thennodynamic Properties of the Oxygen Fluorides 

Compound OK flrHo 

flrH o kJ'mo!-t 

OF(g) 108±10 109± 10 
FOO(g) 27.2±2 25.4±2 
OFO(g) [381.2±20] [378.6±20] 
FOF(g) 26.8:::2 24.5:::2 
02F2(g) 22.9:::0.8 19.2:::0.8 
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298.15 K 

fl{;o Co 
p 

So 
J'mo!-t K- t 
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tron transfer, and valence, BuI!. soc. chim. 12, 970-2 
(I94J); CA 40 3311 (2); reactions. 
H. A. Skinner, A revision of some bond-energy values and 
the variation of bond-energy with bond·length, Trans. 
Faraday Soc. 41,645-62 (1945); CA 40 1707(2); dissoci
ation ener\!y. 
W. Gordy, A relation between characteristic bond con
stants and electronegativities of the bonded atoms, Phys. 
Rev. 69, I30-1 (1946); CA 40 2365(3); correlations, bond 
constants. 
E. Wicke, The valence energies of fluorine, Natunvis
seps,c;:n",ften 33, l32-40 (1946); CA 41 7175g; dissociation 
energy, review. 
G. Glockler. The heat of dissociation of nitric oxide, 1. 
Chern. Phys. 16,604-8 (1948); CA 42 6224a; dissociation 
energy, internuclear distance. 
G. Glockler, Force constants and heats of dissociation of 
diatomic molecules, J. chim. phys. 46, 103-5 (1949); CA 
44 9199i; enthalpy of dissociation. 

49POT R. L. Potter, Thermodynamic properties of ox.ygen fluo
ride and chlorine fluoride from spectroscopic data, J. 
Chern. Phys. 17(10).957-9 (I949); CA 44 2361g; thermo
dynamic functions of F20, dissociation. 

SUtlER/POW H. J. tlemstein and J. Powling. The vibrational spectra and 
structure of inorganic molecules. I. The infra-red spectrum 
of FlO from 2.5 to 2S \1-, J. Chern. Phys. 18(5),685-9 
(1950); CA 44 LOS08d; spectra. structure. 

SOBRE/BRO L. Brewer, L. A. Bromley, P. W. Gills, and N. L. Lofgren, 
The thermodynamic properties of the halides, Natl. Nu
clear Energy Ser., Div. IV, 19B, Chemistry and Metal
lurgy of Miscellaneous Materials. New York - Toronto -
London, 16-192 (1950); CA 44 5203d; enthalpy of fonnation. 

50LUF N. W. Luft, Title, Explos. Res. and Deve1. Estab. TM 
21M/50 (1950); gives Potter's thermodynamic calcula
tions, enthalpy of formation, did not obtain article. 

50SCH H.-I. Schumacher, Energy of dissociation of fluorine, 
Anales asoc. quim. argentina 38, 113-16 (1950); dissocia
tion energy. 

50SCH2 H.-J. Schumacher, Oxyhalogen compounds and interhalo
gen compounds, An. Argent. 38, 209-24 (1950); CA 45 
4165f; review, no new data, boiling/freezing points given. 

5 I UUCIB UR J. Duchesne and L. Bumelle, Bond-bond interactions in 
linear and angular molecules, J. Chern. Phys. 19, 1191-4 
(1951); CA 46 793d; bond-bond interactions. 

51l0N/KIR E. A. Jones, J. S. Kirby-Smith, P. J. H. Woltz, and A. H. 
Nif'l~n. Ni"W ml"l'lgllrl'ml'nt);: An thl' infr!lfl'd spl"ctmm of 

F20,J.Chem. Phys. 19(3), 337-9 (19S1)~CA.45 8887i.; tR 
spectra. 

SlNIE A. H. Nielsen, Fluorine oxides, 1. Chem. Phys. 19, 379 
(1951); CA 45 8888a; spectrum. 

5 I TOO R. C. Toole, Title, Univ. Minn. Summary Rept. (Oct.), 
1949 - May 1, 1951) Contract AF33(03&)-2246. TIP
U17390; enthalpy of vaporization. 

51T002 R. C. Toole, Title. Vniv. Minn. Contract AF33(38)-2246. 
Report # (March J, 1951-May 1, 1951) T1P-Ul7391, 5 
p.; heat capacity of liquid F20. 

52AND/SCH R. Anderson, 1. G. Schnizlein, R. C. Toole and T. D. 
O'Brien, Viscosity, density and critical constants of OF2, 

J. Phys. Chern. 56,473-4 (t952); CA 46 9366<1; physical 
properties. 

52LIN/HEA J. W. Linnett and D. F. Heath, MoleCUlar force fields. 
XIV. Intramolecular forces between non bonded atoms, 
Trans. Faraday Soc. 48, S92-601 (19S2)~ CA 47 363g; 
force constants. 

52ROSfW AG F.D. Rossini, Q. D. Wagman, W. H. Evans. S. Levine, and 
1." iaffe, Selected values of chemical themodynamic prop
erties, Circ. Bur. Stand. Nr. 500. 19 (1952); CA 46 5417f; 
enthalpy of formation. 

j2SCH/SHE J. G. SCl1nizletn, J. L. She.anG, R. C. Toole, ana T. D. 
O'Brien, Preparation and purification of oxygen difluoride 
and detennination of its vapor pressure, J. Phys. Chem. 56, 
233-4 (952); CA 46 7386c; eRthalpy of vaporization. 
vapor pres<;ure. 

52THO G. V. E. Thompsen, Cost and availability of high-energy 
rocket propellants,3rd Intern. Astronaut. Congr., Stuggarr, 
Ger., 7 pp. (1952); CA 49 1 1 286e; manufacture and prop

erties. 
53ARO H. Aroeste, Collisional excitation of F20, J. Chem. Phys. 

21,870--5 (1953); CA 47 7883d; collisional excitations of 

vibrations, no data given. 
53GA Y A. G. Gaydon, Dissociation Energies, 2nd Ed., Chapman 

and Hall Ltd., London (1953); dissociation energy. 
53IBEISCH J. A. Ibers and V. Schomaker, The structure of oxygen 

fluoride,1. Phys. Chem. 57,699-701 {l953}, CA ~ \Q\:r, 

structure. 
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54COU J. P. Coughlin, XII. Heats and free energies of formation 
of inorganic oxides, Bur. of Mines Bull #542, 78 pp. 
(1954); review, enthalpy and Gibbs energy of formation of 
F20(g). 

55AOK Y. Aoki, Calculated energy of A -O~ A type molecules 
by Mulliken's magic formula, J. Phys. Soc. Japan 10, 
503-11 (1955); CA 50 664g; dissociation energy. 

55EVAIMUN W. H. Evans, T. R. Munson, and D. D. Wagman, Thermo
dynamic properties of some gaseous halogen compounds, 
J. Research Natl. Bur. Standards 55(3), 147-64 (1955); 
CA 50 11796i; enthalpy of formation, thermal functions. 

56GOU/BUE J. Goubeau, W. Bues, and F. W. Kampmann, Determina
tion of force constants in carbon tetrafluoride and boron 
trifluoride and comparison with force constants of fluo
rides of the first period of eight, Z. anorg. all gem. Chern. 
283, 123-37 (1956); CA 50 10458f; force constants. 

57DIB/REE V. H. Dibeler, R. M. Reese, and J. L. Franklin, Ionization 
and dissociation of oxygen difluoride by electron impact, 
J. Chern. Phys. 27(6), 1296 (19.'57); CA.'52 6947t:; iuuiLa

tion potential and dissociation. 
57DIC/LIN P. G. Dickens and J. W. Linnett, Calculation of vibrational 

relaxation times in gaseous sulfur dioxide, Proc. Roy. Soc. 
(London) A243, 84-93 (1957); CA 52 7799g; vibrotional 

frequencies based on data of Herzberg (1945). 
57GAL J. F. Gall, Fluorine-derived chemicals as liquid propel

lants, Ind. Eng. Chern. 49,1331-2 (1957); CA 51 18611b; 
rocket propellant. 

58BAUMAN J. J. Ball, D. E. Mann, B. A. Thrush, G. T. Armstrong, C. 
F. Coyle, and L. A. Krieger, Methane-oxygen-fluorine 
flames spectroscopic and calorimetric studies, Natl. Bur. 
Standards Rept. 5988, 45 pp. (1958); CA 54 11659d; heat 
measurements. 

58BRE L. Brewer, Title, UCRL-8356, 4 pp. (1958); dissociation 
energy. 

58DURlRAM R. A. Durie and D. A. Ramsay, Absorption spectra of the 
halogen monoxides, Can. J. Phys. 36, 35-53 (1958); CA 
52 4315b; did not observe any FO bands. 

58KIRIAST A. D. Kirshenbaum, J. G. Aston, and A. V. Grosse, Re
search study of the oxygen fluorides, 02F2, 03F2, and 
0~2' including the heats of formation of 02F2 and 03F2, 
The Research Institute of Temple University, Final Re
port, Contract No. DA-36-034-0RD-2250, W. D. No. 
6040-5140-14-0100~, 44 pp., (November 18, 1958); 
enthalpy of formation. 

59HIL D. L. Hildenbrand, Study of metal additives for solid pro
pellants - tables of thermodynamic data for performance 
calculations, Publication No. C-c623 (Sept. 30, 1959); en
lhalpJ uf fUlIlIaliull. 

59KIRIGRO A. 0. Kirshenbaum and A. V. Grosse, Ozone fluoride or 
trioxygen difluoride, 03F2, J. Am. Chern. Soc. 81, 1277-9 
(1959); formation, density. 

59KIRJGR02 A. D. Kirshenbaum, A. V. Grosse. and J. G. Aston, The 

heat of formation of 02F2 and 03F2, J. Am. Chern. Soc. 81, 
6398 (1959); CA 54 11684c; enthalpy of dissociation of 
F202, enthalpy of formation, decomposition. structure. 

"i9RIC 0 K. RiC'f', Rf'l'lC'ticm« with intelTl101eclIll'lr energy ex
changes, Monatsh. Chern. 90, 330-56 (1959); CA 55 
7994b; decomposition. 

59VEN/THI K. Venkateswarlu and P. Thirugnanasambandam, Force 
constants of some systems of the bent symmetrical XY 2 
type, Z. physik. Chern. (Leipzig) 212, 138-44 (1959); CA 
54 4148a; force constants. 

60BRAIKUN J. W. Bransford, A. C. Kunkle and A. W. Jache. Dipole 
moment of OF2, J. Inorg. & Nuclear Chern. 14, 159-c60 
(1960); CA 55 4079b; dipole moment. 

6ODOD/LIT R. E. Dodd and R. Little, Dipole moments of fluorine 
monoxide and sulfur tetrafluoride, Nature 188, 737 
(1960); CA 55 7954e; dipole moment.e 

6OGEO 

60GREILIN 

60MAG 

60WUL 

61ARMIKRI 

61BREIROS 

uIDURlBAT 

61GRO/STR 

6lHIUJAC 

61KIRIAST 

61KIRlSTR 

61MCG 

61PIEIDIC 

61VIS 

62ARMIKRI 

62AGAIGRA 

62GAT/STA 

62HOUCOH 

62JAC 

J. W. George, Halides and oxyhalides of the elements of 
groups Vb and VIb. Progr. Inorg. Chern. 2. 33-107 (1960); 
CA 57 10507c; review. 
M. Green and J. W. Linnett, Molecules and ions contain
ing art odd number of electrons, J. Chern. Soc .• 4959-c65 
(1960); CA 55 7027g; electron distribution. 
R. G. Maguire, Title. ARL Technical Report 60-287 
(1960); referenced by 63STR. 
C. E. Wulfman, Approximate electronic energy surfaces 
fromcuspless wave functions, J. Chern. Phys. 33,1567-76 
(1960); CA 55 14046g; molecular structure, no data pro
vided. 
G. T. Armstrong and L. A. Krieger, Heats of formation of 
inorganic fluorine compounds. A survey. NBS Report 
7192. Ch. 8,92-196 (1961); enthalpy of formation. 
L. Brewer and G. M. Rosenblatt. Dissociation energies of 
gaseous metal dioxides, Chern. Rev. 61, 257-c63 (1961); 
dissociation energy. 
V. I. Durakoy and S. S. DatsanoY, Determination of the 

ionic parts of bonds in molecules and radicals. II .• Zh. 
Strukt. Khim. 2, 456-51 (1961); CA 57 405li; bonding. 
A. V. Grosse, A. G. Streng, and A. D. Kirshenbaum, A 
new fluoride of oxygen - O"pz, J. Am. Chern. Soc. 83, 

1004 (1961); CA 55 13149f; formation. 
A. R. Hilton Jr .• A. W. Jacke, J. B. Beal Jr .• W. D. Hender
son, and R. J. Robinson, Millimeter wave spectrum and 
«tnlC'tnrf' of oxY£f'n clifluoricle . .T. Chern. Phys. 34(4). 
1137-41 (1961); CA 55 19484a; millimeter wave spec
trum. structure. 
A. D. Kirshenbaum, J. G. Aston and A. V. Grosse, Oxygen 
fluorides: 02F2, 03F2• and 0~2, including the heats of 
formation of 02F2 and 03F2, PB Rept. 149, 443, 51pp. 
(1961); CA 56 13754d; properties, preparation. 
A. D. Kirshenbaum and A. G. Streng, Molecular extinc
tion coefficients of liquid 03F2, 02F2. and 0 3 in visible 
range. J. Chern. Phys. 35,1440-42 (1961); CA 56 6797b; 
molar extinction coefficients, spectrum. 
H. A. McGee Jr .• Fifth International Symposium on Free 
Radicals, Uppsala, Gordon and Breach Publishing Co .• 
New York, N.Y .• A2-A43 (1961); review. 
L. Pierce, R. Jackson, and N. Dicianni, Microwave spec
trum. structure, and dipole moment of oxygen difluoride', 
J. Chern. Phys. 35, 2240-41 (1961); CA 56 1504Od; mi
crowave spectra of F20, structure. 
L. V. Viscido. Kinetic and preparative study of inorganic 
halogen compounds. Kinetics of the thermal decomposi
tion of gaseous fluorine nitrate (N03F), and the reaction 
between fluorine nitrate (N03F) and nitrogen dioxide 

(N03), Arch. Bioquim., Quim. Farm., Tucuman 9, No.2, 
89-112 (1961); CA 58 13179h; formation. 
G. T. Armstrong and L. A. Krieger. Heats of formation of 
inorganic fluorine compounds. A survey, Progress Intern. 

Res. Thermodyn. Transport Prop., New York, 8-77 
(1962); CA 56 13628b; enthalpy of formation. 
H. Agahigian. A. P. Gray, and G. D. Vickers, Fluorine 
perchlorate, infrared and nuclear magnetic resonance 
[NMR] spectra. Can. J. Chern. 40, 157 (1962); CA 56 
8196; IR spectra. NMR. 
R. Gatti, E. Staricco, J. E. Sicre and H. J. Schumacher, 
Photochemical reaction of F20, Z. Physik. Chern. (Frankfurt) 
35.343-7 (1962); CA 58 10897f; decomposition. 
R. T. Holzmann and M. S. Cohen, The reaction of dioxy
gen difluoride with tetrafluoroethylene, Inorg. Chern. I, 
972-3 (1962); CA 58 223f; reaction. 
R. H. Jackson, The microwave spectrum, structure, and 
dipole moment of dioxygen fluoride. J. Chern. Soc. 4585-
92 (1962); CA 58 1069b; microwave spectra of F2

160 2, 
F21601S0 and F2

180 2, structure. 
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62MAG R. G. Maguire, Private Communication to A. G. Streng 
(1962); referenced by 63STR. 

62NAG G. Nagarajan, Mean amplitudes of vibration and thermo
dynamic functions for silicon difluoride and oxygen diflu
oride, Bull Soc. Chim. Belges 71, 337-46 (1962); CA 57 
7983c; thermodynamic functions, molecular vibrations. 

620KAIMOR T. Oka and Y. Morino, Calculation of inertia defect. II. 
Nonlinear symmetric XY2 molecules, J. Mol. Spectrosc. 8, 
9-21 (1962); CA 57 291c; inertia defect. 

62PRI/HAR W. C. Price, P. V. Harris, and T. R. Passmore, The ioniza

tion and dissociation energies of molecules and radicals, J. 
Quant. Spectrosc. Radiot. Transfer 2,327-33 (1962); CA 
59 2175c; ionization potential. 

62RIFlPER W. A. Riehl, H. Perkins, C. S. Stokes and A. D. Kirshen
baum, Ozone fluoride for rocket propulsion, ARS(Am. 
Rocket Soc.) J. 32(3),384-7 (1962); CA 61 4138g; phys
ical properties, rocket propellant. 

62STNSIC E. H. Staricco, J. E. Sicre, and H. J. Schumacher, The 
phOtOChemistry reaCtIon between tluonne and ozone, Z. 
Physik. Chern. [Frankfurt] 31, 385-96 (1962); CA 57 
3006c; formation. 

62STR A. G. Streng, 'The miscibility and solubility of liquified 
W1d solidified gases, Research Institute of TelllVlc Ulliv., 

Philadelphia, PA (1962); referenced by 63STR. 

62STRlGRO A. G. Streng and A. V. Grosse, Addition and substitution 
compounds of oxygen fluorides, I st Annual Progress Re
port for the Office of Naval Research, Contract Nonr. 

3085(01), Research Intstitute of Temple Univ. Philadel
phia, PA (Jan. 3, 1962); referenced by 63STR, reaction. 

62STRlGR02 A. G. Streng and A. V. Grosse, Addition and substitution 
compounds of oxygen fluorides, 2nd Annual Progress Re
port for the Office of Naval Research, Contract Nonr. 
3085(01), Research Intstitute of Temple Univ. Philadel
phia, PA (Jan. 19, 1962); referenced by 63STR, molar 
extinction coefficients, reaction. 

62STRlGR03 A. G. Streng and A. V. Grosse, Free radicals in inorganic 
chemistry, Adv. Chern. Ser. (36), p. 159 (1962); reaction. 

62SVE R. A. Svehla, Estimated viscosities and thermal conduc
tivities of gases at high temperature, Tech. Rep. R132, 
140 pp. (1962); CA 57 79c; thennal conductivity, 
viscosity. 

62VENITHA K. Venkateswarlu and R. Thanalakxhmi, Potential con
stants of polyatomic molecules, J. Annamalai Univ. Pt. B 
24, 13-37 (1962); CA 59 10733h; potential constants. 

62WIFlMAR G. M. Wieder and R. A. Marcus, Dissociation and isomer
ization of vibrationally excited species. II. Unimolecular 
reaction rate theory and its application, J. Chern. Phys. 37, 
183::>-:>2 (1962); CA '57 1'58'56b; dissociation, kinetics. 

62WIL E. B. Wilson Jr., Recent results of chemical interest from 
microwave spectroscopy, Pure App\. Chern. 7(1), 23-31 
(1962); CA 59 14765h; structure, microwave spectra, no 
m:w L!ala, summarizes values of 62JAC. 

63BRO/HAR R. D. Brown and R. D. Harcourt, The electronic structures 
of A2 Y 4 molecules, J. Chern. Phys. 39( 11), 3141-4 (1963); 
CA 59 14599h; electronic structure (calc.). 

63HAMJIVE A. G. Hamlin, G. I. Iveson W1d T. R. Phillips, Analysis of 

volatile inorganic fluorides by gas-liquid chromatography, 
Anal. Chern. 35(13), 2037-44 (1963); CA 60 3477f; deter
mination of FO. 

63LIN J. W. Linnett, Electronic structure of dioxygen difluoride, 
J. Chern. Soc. 1963, 4663-5; CA 59 13367b; electronic 
structure, bonds. 

63MCG H. A. McGee, Chemical synthesis requiring cryogenic 
temperature as preparative techniques for highly endother
mic chemical species, NASA, Doc. N63-23041. 50 pp. 
(1963); CA 60 8879f; preparation. 

63NAG G. Nagarajan. Mean amplitudes of vibration and thermo
dynamic functions of the dichlorides of oxygen and sulfur. 
Bull. Soc. Chim. Belges 72. 16-24 (1963); CA 59 3331d; 
amplitudes. thermodynamic functions. 
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630SH 

63PIFlDIC 

63PIElDIC2 

63PRIIPAS 

63RHE 

63SCH 

63SCH 

63STR 

63STR2 

63STRlKIR 

63STRlKIR2 

63TAN 

63VENITHA 

63WAL 

64AMS/CAP 

64GAT/STA 

64HEM 

N. N. Oshcherin, Calculation of the boiling point of inert 
gases and molecular crystals, Inzh.-Fiz. Zh., Akad. Nauk 
Belorussk. SSR 6(9), 97-9 (1963); CA 59 14601c; boiling 
points. 
L. Pierce, N. Dicianni. and R. H. Jackson, Centrifugal 
distortion effects in asymmetric rotor molecules. I. 
Quadratic potential constants and average structure of 
oxygen difluoride from the ground state rotational spec
trum, J. Chern. Phys. 38(3), 730-9 (1963); CA 58 5144e; 
microwave spectra, structure. 
L. Pierce and N. Dicianni, Spin rotational hyperfine struc
ture in the microwave spectrum of oxygen difluoride, J. 
Chern. Phys. 38, 2029-30 (1963); CA 59 4698h; structure. 
microwave spectra. 
W. C. Price, T. R. Passmore, and D. M. Roessler, Ioniza
tion and dissociation energies of the hydrides and the 
fluorides of the first-row elements in relation to their elec
tronic structures, Discussions Faraday Soc. 1963(35), 
20 I-II; CA 59 14719b; enthalpy of dissociation. 
R. A. Rhein. The chemistry of oxygen difluoride. Univ. 
Microfilms, Order No. 63-4440, 60 pp.; Dissertation Ab
str. 24,66 (1963); CA 59 14875d; chemistry. 
C. J. Sl.:hc::xnayuer Jr., TabulalC::u values uf bunL! L!issuda
tion energies, ionization potentials and electron affinities 
for some molecules found in high-temperature chemical 
reactions, NASA Tech. Note 0-1791, 62 pp. (1963); dis
sociation energies. 

H. H. Schmidtke, Walsh's rule in the framework of MO
LCAO approximations (ABz-molecule), Z. Natur
forschung 18A, 496-504 (1963); CA 59 5927e; symmetry. 
A. G. Streng, Oxygen fluorides, Chern. Rev. 63(6), 607-
24 (1963); CA 60 1318e; review. 
A. G. Streng, The chemical properties of dioxygen difluo
ride, J. Am. Chern. Soc. 85, 1380-5 (1963); CA 58 
13414c; reaction. 
A. G. Streng, A. D. Kirshenbaum and A. V. Grosse, Addi
tion and substitution compounds of oxygen fluorides, 3rd 
Annual Report for the Office of Naval Research, Contract 
Nonr. 3085(01). Research Institute of Temple Univ., 
Philadelphia, PA (Jan. 15. 1963); CA 65 6700a; reaction. 
A. G. Streng, A. D. Kirshenbaum. L. V. Streng and A. V. 
Grosse, Preparation of rare gas fluorides and oxyfluorides 
by the electric discharge method and their properties. 
Noble-Gas Compds. 1963, 73-80; CA 65 6700a; reaction. 
S.-T. Tan, Three-electron bond and the molecular struc
ture of certain c;xygen-containing substances, Hua Hsueh 
Tung Pao 1963(9), 531-7; CA 60 482lf; electronic 
structure. 
K. Venkateswarlu and R. Thanalakshmi, Urey-Bradley 
force field and thermodynamic properties: bent symmetric 
XY2 type molecules, Indian J. Pure App\. Phys. 1(11), 
377-9 (1963); CA 60 4823d; force constants, vibrational 
frequency calculation, geometry. 
M. A. Walker, Method of determining saturated liquid and 
saturated vapor entropy. (Chlorine monofluoride, oxygen 
monofluoride, phosphorus trifluoride), AIAA J. 1.2636-8 

(1963); CA 63 6390b. 
A. B. Amster, E. L. Capener. L. A. Dickinson and J. A. 
Neff. 03F2 and the hypergolic bipropellant LH2/L02:03F2• 
NASA Accession No. N64-32632. NASA-CR-54072, 
SRI-PRU-4391, 52pp. (1964); CA 62 15981f; properties, 

propellant. 
R. Gatti, E. H. Staricco, J. E. Sicre. and J. H. Schumacher. 
Photochemical decomposition of F20, Anales. Asoc. 
quim. Arg. 52(3-4). 161-5 (1964); CA 64 2902g; decom

position. 
R. A. Hemstreet. Trioxygen difluoride in liquid oxygen, 
Air Reduction Co., Inc. US 3282750, 3 pp. (1964); CA 66 
P20698h; patent. jet propulsion. 
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64RAJ K. V. Rajalakshmi, Mean amplitudes of vibration: bent 
symmetrical XY 2 molecules and groups, Proc. Indian 
Acad. Sci. Sect. A 60( I), 51-6 (1964); CA 62 I 194c; bond 
distance, molecular vibrations. 

64S0L I. J. Solomon, Research on the chemistry of 03F2 and 
02F2, NASA Accession No; N64-32967. AD 449383. 24 
pp. (1964); CA 62 15741 e; physical properties, reactions. 

ionic species. chemistry. 
64YOU/HIR A. R. Young II. T. Hirata and S. I. Morrow. The prepara

tion of dioxygenyl salts from dioxygenyl fluoride. J. Am. 
Chern. Soc. 86, 20-2 (1964); decomposition. 

65ARK A. Arkell. Matrix infrared studies of OF compounds. II. 
The 02F radical. J. Am. Chern. Soc. 87. 4037-62 (1965); 
CA 63 12517 g; matrix IR absorption study. observed pho
tolysis of F2 in O2 matrix at 4K assigned to F03. 

65ARKIREI A. Arkell. R. R. Reinhard. R. Y. Heisler. and L. P. Larson. 
Oxygen monofluoride. US 3454369. 4 pp. (1965); CA 71 
P55528z; manufacture. 

65ARKlREI2 A. ArkcIl. R. R. Rdnhan.l, and L. P. Larson. Matrix in
frared studies of OF compounds. I. The OF radical. J. Am. 
Chern. Soc. 87(5). 1016-20 (1965); CA 62 9945a; absorp
tion spectra and vibration of 180F. 

65BIS/HAM W. R. Bisbee. J. V. Hamilton. R. Ruskworth. J. M. Ger
hauser. and T. J. Houser. Title, AIAA Bull. 2(3). 114 
(1965); enthalpy of formation. 

65BIS/HAM2 W. R. Bisbee. J. V. Hamilton. R. Ruskworth. T. J. Houser. 
and J. M. Gerhall~r. A new cip.tp.rmin::ttion of the heat of 

formation of oxygen difluoride. Advan. Chern. Ser. 54, 
215-222 (1965); CA 65 4733c; combustion calorimetry, 
heat capacity. and enthalpy of formation. 

65BOY/BER W. K. Boyd, W. E. Berry, and E. L. White. Compatibility 
of materials with rocket propellants and oxidizers. NASA 
Accession No. N65-24361. AD 613553. 45 pp. (1965); 
CA 67 23666u; compatability. 

65BRO H. W. Brown. Personal Communication (1965?) quoted 
by 68LOO/GOE; apparently refers to observed vibrational 
frequencies. 

65FL Y W. H. Flygare. Spin-rotation interaction and magnetic 
shielding in OF2. J. Chern. Phys. 42(4). 1157-61 (1965); 
CA 62 7257a; EPR. 

65KAS/KIR P. H. Kasai and A. D. Kirshenbaum. An electron paramag
netic resonance study of oxygen fluorides. I. Dioxygen 
difluoride and trioxygen difluoride. J. Am. Chern. Soc. 87. 
3069-72 (1965); CA 63 5151 f; EPR SPCl:trulll atlribu ted to 

FOO. 
65KIR A. D. Kirshenbaum. The formation of 02F2 and OF2 in the 

photochemical reaction F2 and 0 3• Inorg. Nucl. Chern. 
Letters 1(3). 121-3 (1965); CA 64 10367h; formation. 

65KIRISTO A. D. Kirshenbaum. C. S. Stokes and A. V. Grosse. Use of 
03F2 as a hypergolic additive for liquid oxygen, V.S. 
3.170.282.5 pp. (Feb. 23. 1965. Appl. Jan. 29. 1963); CA 
62 I0286h; oxidizer. 

65KUT/MOR K. Kuchitsu and Y. Morino. Estimation of anharmonic 
potential constants. II. Bent XY2 molecules. Bull. Chern. 
Soc. Japan 38(5). 814-24 (1965); CA 63 3634g; calcula
tion of potential constants. 

65LEV/COP J. B. Levy and B. K. W. Copeland. The kinetics of the 
hydrogen-fluorine reaction. II. The oxygen-inhibited reac
tion. J. Phys. Chern. 69, 408-16 (1965); CA 62 7158e; 
enthalpy of formation. 

65MAG R. G. Maguire, Determination of the structure of03F2, AD 
625077,99 pp. (1965): CA 67 16304w; presence of F02 

and FO, properties. structure. 
65MAUMCG T. 1. Malone and A. A. McGee Jr .• Mass spectrometric 

investigations ot the synthesis, stability. and energetics of 
the low temperature oxygen fluorides. I. Dioxygen difluo
ride, 1. Phys. Chern. 69(12). 4338-44 (1965); dissociation 
energy. 

65MORIYOU S. I. Morrow and A. R. Young. II. The reaction of xenon 
with dioxygen difluoride. A new method for the synthesis 
of xenon difluoride. Inorg. Chern. 4(5), 759-60 (1965); 
CA 63 1466e; reaction. 

65MOR F. S. Mortimer, Energies of atomization from population 
analysis on Hueckel wave functions. Adv. Chern. Ser. 54. 
49-47 (1965); CA 654836b; dissociation energy. 

65NEU/v AN F. Neumayr and N. Vanderkooi, The radical decomposi
tion of peroxysulfuryl difluoride (FS02-OOF) and re
lated compound by chemical and electron paramagnetic 
resonance methods, Inorg. Chern. 4(8), 1234-7 (1965); 
CA 63 10991g; EPR, formation and decomposition. 

65REII ARK R. R. Reinhard and A. Arkell. Labeled oxygen difluoride 
- 0 17.18• Intern. J. Appl. Radiat. Isotop. 16, 498-9 

(1965); CA 64 10700h; preparation of 170F2 and 180F2. 
65STRlSTR A. G. Streng and L. V. Streng. Molar extinction coeffi

cients of 0~2 in the visible range and a comparison with 
other oxygen fluorides, J. Phys. Chern. 69, 1079-80 
(1965); CA 62 15600a; molecuhu extinctiuu l:ucffidenls, 
spectrum. 

66AMS/NEF A. B. Amster. J. A. Neff, R. W. Mcleod and D. S. Ran
dall. Detonability of cryogenic oxidizers - trioxygen di
fluoride (03F2), ExpJosivstoffe 14(2). 33-5 (1966); CA 65 
2055f; detonability. 

66BIS/HAM W. R. Bisbee. V. Hamilton, R. Rushworth. T. J. Houser 
and 1. M. Gerhauser. A new determination of the heat of 
formation of oxygen difluoride. Adv. Chern. Ser. No .14, 

215 (1966); enthalpy of formation. 
66BUFJPEY R. J. Buenker and S. D. Peyerirnhoff. Geometry of 

molecules. III. Fluorine oxide. lithium oxide. fluorine hy
droxide. and lithium hydroxide, J. Chern. Phys. 45, 3682-
3700 (1966); CA 66 14208y; geometry. 

66FEI H. Feigel. Space storable propellants (oxygen fluoride
boron hydride), NASA-W66-39930. 184 pp. (1966); CA 
66 I 17560y; heat capacity of liquid F20. 

66FES/SCH R. W. Fessenden and R. H. Schuler, ESR spectrum of 
FOO. J. Chern. Phys: 44. 434 (1966); CA 64 7560a; EPR. 
ground state is a doublet. vibration and electronic data. 

66FOXlJAC W. B. Fox and R. B. Jackson, Fluorine compounds. inor
ganic: oxygen. Kirk-Othmer Encycl. Chern. Techno!., 2nd 
Ed. 9. 631-5 (1966); CA 65 10181a; review. 

66HEN/RHO U. V. Jr. Henderson, H. A. Rhodes. and V. M. Jr. Barnes, 
Application of adiabatic compression apparatus for the 
study of thermally induced hOlllo~eueuus ~as phase reac
tions, Rev. Sci. lnstr. 37(3). 294-300 (1966); CA 64 
11911f;· kinetics. decomposition. 

66KIRlSTR A. D. Kirshenbaum and A. G. Streng, An electron para
magnetic resonance study of oxygen fluorides. II. Te
traoxygen difluoride. J. Am. Chern. Soc. 88(11).2434-5 
(1966); CA 65 1645d; EPR. ground state is a doublet. 

66KUT/MOR K. Kuchitsu and Y. Morino, Third order potential con
stants of bent XY2 molecules. (Oxygen difluoride). Spec
trochim. Acta 22. 33-46 (1966); CA 64 7529h; structure. 
force constants. 

66LA W/OGD N. J. Lawrence. J. S. Ogden and J. 1. Turner, 19F shift of 
dioxygen difluoride. Chern. Commun. (4). 102-3(966): 
CA 64 18738a; EPR spectra. 

66LIP/NAG E. R. Lippencott. G. Nagarajan and J. M. Stutman. Polar
izabiIities from the l>-function model of chemical binding. 
J. Phys. Chern. 70(1). 78-84 (1966); CA 64 5769a; polar
izability. 

66MAUMCG T. 1. Malone and H. A. McGee Jr.. Ionization potentials of 
the dioxygen fluoride free radical and the dioxygen diflu
oride molecule. J. Phys. Chern. 70(1). 316-7 (1966); CA 
64 I IlSlSSa; detection. ionization potential and related 
properties. assumed bond dissociation to be 0.8 eV. 
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66MCG/MAL H. A. McGee Jr., T. J. Malone and W. J. Martin, Refriger
ated inlet arrangement for mass spectrometric studies of 
unstable species at low temperature. Rev. Sci. Instr. 31, 
561-6 (1966); CA 18981c; ionization potential. 

66MET/WEL F.1. Metz, F.E. Welsh and W. B. Rose, Electron paramag
netic resonance spectrum of liquid oxygen difluoride, 
Adv. Chern. Ser. 54, 202-14 (1966); EPR. 

66MORISAI Y. Morino and S. Saito, Microwave spectrum of oxygen 
difluoride in vibrationally excited states, VI and 2V2 Fermi 
resonance and equilibrium structure, J. Mol. Spectrosc. 
19( 4). 435-53 (1966); CA 65 192a; microwave spectra, 
structure. 

66NAG G. Nagarajan, Bond and molecular polarizabilities in some 
polyatomic molecules, Z. Naturforsch. A 21(3), 238-43 
(1966); CA 6" 3018g; polarlzability. 

66NEB/MET J. W. Nebgen, F. L. Metz, and W. B. Rose, A reinvestiga
tion of the infrared spectrum of oxygen difluoride, J. Mol. 
Spectrosc. 21, 99-103 (1966); CA 66 24012u; IR spectra 
OfP20. 

66NOB/PIM P. N. Noble and G. C. Pimentel, Confirmation of the 
identification of dioxygen monofluoride. J. Chern. Phys. 
44, 3641-42 (1966); CA 65 8196b; IR spectra in solid 
argon matrix. 

66POP/SEG J. A. Pople and G. A. Segal, Approximate self-consistent 
molecular orbital theory. III. CNDO results for AB2 and 
AB3 systems, J. Chern. Phys. 44, 289-96 (1966); geome
try, dipole moment. 

66SIM John J. Sima, TOFLOX synthesizer study, NASA Access. 
NASA-CR-76071, 126 pp. (1966); CA 66 96975h; manu
facture. 

66S0L I. J. Solomon, Research on the chemistry of 03F2 and 
02F2, AD 634440, 56 pp. (1966); CA 66 101245b; reac
tions, kinetics. 

66S0L2 l. J. Solomon, Advanced oxidizer chemistry, AD 640405, 
33 pp. (1966); U.S. Govt. Res. Develop. Rept. 41(22), 84 
(1966); CA 66 82006f; reactions. 

66SPRIPIM R. D. Spratley and G. C. Pimentel, The [p-n*]cr and 
[s-n*]cr bonds. FNO and F20 2, J. Am. Chern. Soc. 88, 
2394-7 (1966); CA 65 3016b; bonding, no new data. 

66SPRITUR R. D. Spratley, 1.1. Turner, and G. C. Pimentel, Dioxygen 
monofluoride: infrared spectrum, vibrational potential 
function, and bonding. J. Chern. Phys. 44(5), 2063-68 
(1966); CA 64 1059Od; absorption frequency data, bond
ing spectrum, potential e-nergy function« 

66STR A. G. Streng, An improved preparation, analysis and some 
properties of tetraoxygen difluoride, Can. J. Chern. 44. 
1476-79 (1966); CA 65 671Od; vapor pressure and melt
ing point. 

66STRlSTR A. G. Streng and L. V. Streng. Preparation of polyoxygen 
difluorides from oxygen difluoride and oxygen by the 
electric discharge method. Inorg. Nucl. Chem. Letters 
2(4), 107-10 (1966); CA 65 6710f; preparation. 

66THI Thiokol Chemical Corp., NASA-CP -54741. (1965/66); 
N66-39930 (1966); Cp data. 

66VEDIGUR V. I. Vedeneyev, L. V. Gurvich, V. N. Kondrat'yev. V. A. 
Medvedev. and Yeo L. Frankevich, Bond Energies. Ioniza
tion Potentials. and Electronic Affinities. Arnold. London. 
33 (1966); dissociation, review. 

66WEUMET F. E. Welsh. F. 1. Metz. and W. B. Rose. Electron para
magnetic resonance spectra of the -02F radical in liquid 
and solid 02F2, 1. Mol. Spectrosc. 21(3), 249-59 (1966); 
CA 66 lS356g; EPR spectrum assigned to FOO, detection. 

67ADR F. 1. Adrian, ESR spectrum and structure of02F. 1. Chern. 
Phys. 46(5). 1543-50 (1967); CA 66 80693d; EPR spec
trum of F02 in argon matrix, estimates O-F bond is 36 
kcallmol. 

67 ALLIRUS L. C. Allen and J. D. Russell, Extended Huckel theory and 
the shape of molecules. (Oxygen difluoride), 1. Chern. 
Phys. 46, 1029-37 (1967); CA 66 69123x; energy levels, 
structure. 
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67 ATHIHIN N. M. Atherson and A. Hinchcliffe, A semiempirical cal
culation of hydrogen hyperfine coupling constants in some 
I radicals, Mol. Phys. 12(4), 349-58 (1967); CA 68 
72317k; coupling constants. 

67JOL W. L. Jolly, Inorganic synthesis with electric discharge, 
Am. Chern. Soc., Div. Fuel Chern., Prepr. 11(2), 125-7 
(1967); CA 66 111l72q; preparation. 

67LAW N. J. Lawrence. Ph.D. Thesis. Cambridge (1961); quoted 
by 71GARILAW. 

67MAUMCG T. J. Malone and H. A. McGee. Mass spectrometric inves
tigations of the synthesis, stability, and energetics of the 

low-temperature fluorides. II. Ozone difluoride, J. Phys. 
Chem. 71(9), 3060-3 (1961); CA 67 96416x; preparation 
and formation of F20, enthalpy of formation of FO. 

67MOR/YAM Y. Morino and S. Yamamoto, Fermi diad oflJI ::mci 21J2 in 

oxygen difluoride, J. Mol. Spectrosc. 23(2), 235-1 (1961); 
CA 61 86289u; vibrational frequencies. 

67NEB/MET J. W. Nebgen, F. T. Metz and W. B. Rose, F1uorine-19 
nuclear magnetic resonance spectra of oxygen fluorides, J. 
Am. Chem. Soc. 89(13), 3118-21 (1961); CA 67 38011 v; 
EPR, NMR. 

610GD/TUR J. S. Ogden and J. J. Turner. Photolytic fluorine reactions: 
F2 and N20 at 4 K, J. Chern. Soc. A 1961, 1483-5; forma
tion of FO in AR matrix, IR spectra. 

61POP/BEV J. A. Pople, D. L. Beveridge and P. A. Dobosh, Approxi
mate self-consistent molecular-orbital theory. V. Interme
diate neglect of differential overlap, J. Chern. Phys. 47(6). 
2026-33 (1967); CA 61 102960p; dipole moment. 

67S0URAN I. J. Solomon, J. K. Raney, A. J. Kacmarek, R. G. Maguire 
and G. A. Noble, An oxygen-17 and fluorine-19 nuclear 
resonance study of the oxygen fluorides, J. Amer. Chern. 
Soc. 89(9). 2015-11 (1967); CA 66 120621u; NMR, struc
ture. 

61SPR R. D. Spratley, Ph.D. Thesis, Cambridge (1967); quoted 
by 11GARILAW. 

61TRO/WAG J. Troe, H. G. Wagner and G. Weden, Unimolecular de
composition of F20, Z. Phys. Chern. (Frankfurt am Main) 
56(3-4).238-41 (1967); CA 68 99125h; bond energies. 

67TURIHAR S. J. Turner and R. D. Harcourt, Molecular-orbital treat
ment of bonding in dioxygen difluoride and hydrogen 
peroxide, Chern. Commun. (1), 4-5 (1967); CA 66 
10358j; characterization, bonding. refers to 62JAC. 

68BAN/SUK D. V. Bantov, V. F. Sukhoverkhov and Yu. N. MikhaHov, 
Reaction of oxygen fluoride [02F2] with the highest fluo
rides of some elements, Izv. Sib. Otd. Akad. Nauk SSSR. 
~er. Khim. Nauk (1), 84-7 (l968)~ CA 69 83017d; reac
tions. 

68BON/PET R. Bonaccorsi, C. Petrongolo, E. Scrocco. and J. Tomasi. 
Double ~ !:)CF calculatlOns for nitrite ion and oxygen dtflu
oride. J. Chern. Phys. 48, 1497-99 (1968); CA 68 
108022b; molecular orbitals. 

68CYV/CYV S. J. Cyvin, B. N. Cyvin and G. Hagen, Theory and calcu
la.lioll uf I,;l::lIll ifu~al uistortioll constants for polyutomic 

molecules, Z. Naturforsch. A 23( 10), 1649-55 (1968); CA 
10 50692t; centrifugal constants. 

68DICIAMS L. A. Dickinson. A, B. Amster and E. L. Capener, Appli
cation of trioxygen difluoride in liquid-rocket propellant 
technology. J. Space. Rockets 5(11),1324-34 (1968); CA 
70 1311 p; rocket fuel additive. reaction. 

68GA Y A. G. Gaydon, Dissociation Energies, 3rd Ed., Chapman 
and Hall, London. 270 (1968); review. 

68GOFlCAM C. T. Goetschel. V. A. Campanile, C. D. Wagner and 1. N. 
Wilson. Preparation of fluorine peroxides and dioxygen 
tetrafluoroborate by low temperature radiolysis, Amer. 
Chern. Soc., Div. Chern., Prepr. 12(2). 101-7 (1968); CA 
71 118324c; preparation. 

68GORJPOP M. S. Gordon and J. A. Pople. Approximate self-consis
tent molecular-orbital theory. VI. INDO calculated equi
librium geometries, J. Chern. Phys. 49(10). 4643-50 
(1968); CA 70 31781e; molecular geometry. 
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68KIN/ARM R. C. King and G. T. Armstrong, Constant pressure flame 
calorimetry with fluorine. II. Heat of formation of oxygen 
difluoride, J. Research, Nat!. Bur. Standards 72A, 113-31 
(1968); CA 68 108681 r; flame calorimetry reactions, en
thalpy of formation. 

68LAW/OGD N. J. Lawrence, J. S. Ogden and J. 1. Turner, Low-temper
ature magnetic resonance studies on oxygen fluorides, J. 
Chern. Soc. A 1968(12),3100-5; CA 70 33091d; EPR. 

68LAW/TUR N. 1. Lawrence and 1. 1. Turner, Surface reactions: fluorine 
and 02F2 with cesium iodide, Inorg. Nucl. Chern. Lett. 
4(1), :;-1,)-0 (lY6~); CA 6Y :5663Yg; reactions. 

68LEV/COP J. B. Levy and B. K. W. Copeland, The kinetics of the 

hydrogen-fluorine reaction. III. The photochemical reac
tion, J. Phys. Chern. 72, 3168-77 (1968); CA 69 90188u; 
dissociation. 

68LOO/GOE K. R. Loos, C. T. Goetschel, and V. A. Campanile, Vibra
tional spectrum and structure of fluorine peroxide 02F2, 
Chern. Comm., 1633-34 (1968); CA 70 52632x; IR spec
tra of 160zFz and 180zFl. 

68NIKIROS I. V. Nikitin and V. Ya. Rosolovskii, Dioxygen difluoride 
formation from the elements in glow discharge, Izv. Akad. 
Nauk SSSR, Ser. Khim. (2), 266-9 (1968); CA 68 
110942v; formation. 

68PET/SCR C. Petrongolo, E. Scrocco, and 1. Tomasi, Minimal basis 

set SCF calculations for the ground state of ozone, nitrite 
ion, nitrogen oxyfluoride, and oxygen difluoride, 1. Chern. 
Phys. 48, 407-11 (1968); CA 68 72394h; eigenfunctions. 

68S0L I. J. Solomon, Advanced oxidizer chemistry, AD-670531 , 
24 pp. (1967); U. S. Govt. Res. Develop. Rep. 68(16), 58 
(1968); CA 70 96098g; reaction. 

68S0L2 I. 1. Solomon, Advanced oxidizer chemistry, AD-676690, 
12 pp. (1968); U. S. Govt. Res. Develop. Rep. 68(24), 
61-2 (1968); CA 70 86949w; reactions. 

68S0UKAC I. J. Solomon, A. J. Kacmarek, J. N. Keith and J. K. Raney, 
The reaction of dioxygen difluoride and perfluoropropene. 
Preparation of I-fluoroperoxyperfluoropropane and 2-tlu
oroperoxyperfluoropropane, 1. Amer. Chern. Soc. 90(23), 
6557-9 (1968); CA 70 37077b; reactions. 

68S0UKAC2 I. 1. Solomon, A. 1. Kacmarek, J. N. Keith and J. K. Raney, 
The reaction of dioxygen difluoride and sulfur dioxide. 
Transfer of the OOF group, Inorg. Chern. 7(6), 1221-4 
(1968); CA 69 15504r; reactions. 

68S0UKAC3 I. J. Solomon, A. J. Kacmarek and J. M. McDonlugh, 
Reaction of dioxygen difluoride with sulfur oxides and 

with sulfur oxyfluorides, J. Chern. Eng. Data 13(4), 529-
31 (1968); CA 69 113078z; reactions. 

68S0UKAC4 I. J. Solomon, A. J. Kacmarek and J. Raney, Reaction of 
oxygen difluoride and sulfur trioxide. Transfer of the OF 
radical, J. Phys. Chern. 72(6), 2262-3 (1968); CA 69 
32605s; formation. 

68S0UKEI I. J. Solomon, J. N. Keith, A. J. Kacmarek and J. K. Raney, 
Additional studies encouraging the existence of F20 3, 1. 
Amer. Chern. Soc. 90(20), 5408-11 (1968); CA 69 
9253Iz; structure. 

68TUR J. J. Turner, Oxygen fluorides, Endeavor 27(100), 42-7 
(1968); CA 68 26363z; review, bond dissociation, prepa
ration. 

69ARK A. Arkell, Matrix infrared studies of OF radical svstems 
1. Phys. Chern. 73(11), 3877-80 (1969); CA 72 7884m; IR 
studies, formation. 

69BON/PET R. Bonaccorsi, C. Petrongolo. E. Scrocco. and J. Tomasi. 

Configuration interaction calculation for the ground state 
of oxygen difluoride. nitrite ion and cyanide ion. Theor. 
Chim. Acta 15. 332-43 (1969); CA 72 24828p; energy 
\cvels. 

69BREIROS L. Brewer and G. M. Rosenblatt. Dissociation energies 

and free energy functions of gaseous monoxides. Adv. 
High Temp. Chern. 2. 1-83 (1969); CA 72 93851c; re
view, enthalpy of formation. dissociation. 

69BRU/RAF R. Bruns. L. Raff. and 1. P. Devlin. A theoretical study of 

the bond-bond interaction force constants in difluoride 
molecules. (Oxygen difluoride, nitrogen difluoride, car
bon difluoride), Thear. Chim. Acta 14, 232-41 (1969); CA 
71 84737x; force constants. 

69DAU/SAL L. Daueffilan., G.E. Salse, and Y. A. Tajima, Comments 
on The the~afdisso~iation of oxygen difluoride. I. Inci
dent shock waves, J. Phys. Chern. 73(5), 1621 (1969); CA 

71 42766a; dissociation of F20. 
69FRA1DIL J. L. Franklin, J. G. Dillard, H. M. Rosenstock, J. T. 

Herron, K. Draxl, and F. H. Field, Ionization potentials, 
appt:(1["dIlCe potentials, and heats of fonnatlon of gaseous 
positive ions, NSRDS-NBS-26, 1-285 (1969); CA 71 
33523s; review, ionization potential, enthalpy of forma

tion. 
69GOEICAM C. T. Goetschel, V. A. Campanile, C. D. Wagner, and J. 

W. Wilson, Low temperature radiation chemistry. I. 
Preparation of oxygen fluorides and dioxygenyl tetrafluo
roborate, J. Am. Chern. Soc. 91, 4702-7 (1969); CA 71 
65969h; IR spectra. detection of FOO. 

69GOUHAY J. L. Gole and E. F. Hayes, Molecular bonding in F02 and 
Cl02, Intern. J. Quantum Chern. Symp. No.3, 519-25 
(1969, published 1970); CA 72 70791u; bond lengths and 

SCF calculations. 
69GOR M. S. Gordon, A molecular orbital study of internal rota

tion, 1. Am. Chern. Soc. 91, 3122-30 (1969); CA 71 
29952p; CNDO/2 study, bond lengths, barriers to internal 
rotations refer to 62JAC values. 

69HAMITA Y R. A. Hemstreet and A. H. Taylor, Trioxygen difluoride, 
U.S. 3,437,582, 14 pp. (1969); CA 71 P5018n; prepara
tion, patent. 

6910N/ION S. P. lonov and G. V. lonova, Dissociation energy and 
electronic structure of some diatomic molecules, Zh. Fiz. 
Khim. 43(9), 2199-202 (1969); Eng. trans!., Russ. 1. Phys. 
Chern. 43(9), 1234-6 (1969); CA 72 70798b; dissociation 
energy, structure. 

69LINIBAU M. C. Lin and S. H. Bauer, Reactions of oxygen fluoride 
in shock waves. I. Kinetics and mechanism of oxygen 
fluoride decomposition, 1. Amer, Chern. Soc. 91, 7737-42 
(1969); CA 72 48014w; kinetics. 

69PED L. Pedersen, Barrier to internal rotation for 02F2, 1. Mol. 
Struct. 3(6), 510-13 (1969); CA 71 64284u; rotational 
potential barriers. 

69POC/STO J. M. Pochan, R. G. Stone, and W. H. Flygare, Molecular 
G v~l11es, m~gnetic susceptibilities, molecular quadrupole 

moments and second moments of the electronic charge 
distri9ution in oxygt;:n difluoride, ozone, and sulfur diox
ide, J. Chern. Phys. 51, 4278-85 (1969); CA 72 37566b; 
spectrum. 

69RIP/ZER S. M. Rips, A. N. Zercheninov, and A. V. Pankratov, 

Estimation of the thermodynamic properties of some fluo
rine and chlorine compounds, Zhur. Fiz. Khim. 43, 386-
89 (1969); CA 70 109695b; enthalpy of vaporization. 

69S0UKEI I. 1. Solomon, 1. N. Keith and A. J. Kacmarek, Perfluoro
propyl compounds containing the OOF group, US 69-
828330, 2 pp. (1969); CA 76 P72020y; reactions. 

70BRO/BUR R. D. Brown, F. R. Burden and G. R. Williams, Simplified 
ab initio calculations for molecular systems, Thear. Chim. 
Acta 18(2): 98-106 (1970); CA 73 8071Ob; molecular 
orbitals calculation. 

70DAR B. de B. Darwent, Bond dissociation energies, NSRDS
NBS 31, 52 pp. (1970); bond dissociation, review. 

70GIM B. M. Gimarc, The shapes of simple polyatomic molecules 
and ions. I. The series HAAH and BAAB, J. Am. Chern. 
Soc. 92, 266-75 (1970); CA 72 70719b; SCF-MO calcula-
tions, cxtcndcd lIuckc1 calculations, considered rotation 

from cis- to trans-, no quantitative data given. 
70HAR R. D. Harcourt, Increased-valence formulas: some further 

comments. J. Mol. Struct. 5(3), 199-204 (1970); CA 72 

125142r; bonding. 
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70HOMISOL Von K. H. Homman, W. C. Solomon, J. Wamatz, H. Gg. 
Wagner and C. Zetzsch, A method for the determination of 
fluorine atoms in an inert atmosphere, Ber. Bunsen
Gesellschaft Phys. Chern. 74, 585 (1970); kinetics. 

70LOO/GOE K. R. Loos, C. T. Goetschel, and V. A. Campanile, Dioxy
gen dufluoride; infrared spectrum, vibrational potential 
function, and bonding, J. Chern. Phys. 52, 4418-23 
(1970); CA 73 8968z; infrared spectra of F20 2, radiolysis. 

70MEIIGEN K. Meier and D. Genthe, Supplemental experiments for 
the preparation of 03F2, Deut. Luft- Raumfahrt, 
Forschungber., DLR FB 70(55), 41 pp. (1970); CA 75 
14473s; preparation. 

70NAR K. L. Naraya, Mean square amplitude matrices in some 
XY2 type molecules, 1. Shivaji Univ. 2..,.3(4,6), 115-22 
(1969-1970) (Pub. 1970); CA 75 53072e; vibrations. 

70NEW/LAT M. D. Newton, H. A. Lathan, W. I. Hehere and J. A. Pople, 
Self-consistent molecular orbital theory. V. Ab initio cal
culation of equilibrium geometries and quadratic force 
constants, J. Chern. Phys. 52, 4064-72 (1970); geometry 

calculations, force constants. 
700HAlWAH P. A. G. O'Hare and A. C. Wahl, Hartree-Fock wavefunc

tions and computed properties for the 2rr ground states of 
sulfur monofluoride and selenium monofluoride and their 
positive and negative ions. A comparison of the theoretical 
and experimental results. (Oxygen monofluoride), 1. 
Chern. Phys. 53(6), 2834-46 (1970); ionization potential. 

700HAlW AH2 P. A. G. O'Hare and A. C. Wahl, Hartree-Fock wavefunc
tions and computer one-electron properties for oxygen 
monofluoride (OF, 2rr) at six internuclear separations, 
ANC-7702, 12 pp. (1970). 

700HAlW AH3 P. A. G. O'Hare and A. C. Wahl, Oxygen monofluoride 
(OF, 2rr): Hartree-Fock wave function, binding energy, 
ionization potential, electron affinity, dipole and quadru
pole moments, and spectroscopic constants. Comparison 
of theoretical and experimental results, J. Chern. Phys. 
53(6), 2469-78 (1970); CA 73 91482e; ab initio 
calculations. 

70RED R. L. Reddington, Infrared studies using the matrix isola
tion technique, AD 701120, 89 pp. (1969); U.S. Govt. Res. 
Develop. Rep. 70(7), 71 (1970); CA 73 50282w; force 
constants, IR spectra. 

70S0L I. J. Solomon, Advanced oxidizer chemistry, AD 701717, 
94 pp. (1970); U. S. Govt. Res. Develop. Rep. 70(8), 71 
(1970); CA 73 57637z; reactions. 

70THAIRAI S. N. Thakur and S. R. Rai, Force constants of molecules 
with strongly coupled vibrations, J. Mol. Struct. 5(4), 320-
2 (1970); CA 73 88640; force constants. 

70VED/GER V.1. Vedeneev, Yu. M. Gershenzon, A. P. Dement'ev, A. 

B. Nalbandyan and O. M. Sarkisov, EPR study of hetero
geneous generation in the fluorine-oxygen system, Izv. 
Akad. Nauk SSSR, Ser. Khim. (6), 1438-40 (1970); CA 
74. hQ1Qf: FPR. fmm::ltion of F()2 

71 ANDIRA Y L. Andrews and J. I. Raymond, Matrix infrared spectrum 
of OF and detection of LiOF, J. Chern. Phys. 55,3078-86 
(1971); CA 75 1 24692v; simultaneous decomposition of 
OF2 in argon, infrared absorption, suggested molecule -
LiOF-OF(g). 

71 CL Y /W AT M. A. A. Clyne and R. T. Watson, Detection of the ground 
state fluorine monoxide radical in the gas phase, Chern. 
Phys. Lett. 12(2), 344-6 (1971); CA 76 90343k; mass 
spectrometry, dissociation energy, ground state. 

71CORIFRO A. B. Corn ford, D. C. Frost, F. G. Herring, and C. A. 
Mcdowell, Photoelectron spectra of oxygen difluoride and 
oxygen dichloride, J. Chern. Phys. 55, 2820-22 (1971); 
CA 75 1 I 4667b; ionization potential. 

71GARILAW D. J. Gardiner. N. J. Lawrence, and J. J. Turner, Some 
vibrational spectroscopic studies on oxygen fluorides, J. 
Chern. Soc. A 1971, 400-4; CA 74 81312f; IR and Raman 
spectra of solid 02F2, IR spectra of matrix-isolated 02F2. 
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71GARITUR D. J. Gardiner and J. J. Turner, The Raman solution spec
trum of tetraoxygen difluoride (O~2)' J. Fluorine Chern. I, 
373-5 (1971172); CA 76 146975n; vibrations and Raman 
spectra. 

71 HOL B. R. Hollebone, United atom models for polyatomic lig
ands. II. Methyl and fluoro derivatives, J. Chern. Soc. A 
1971(19), 3014-20; CA 75 144130p; energy levels. 

71RAD/HEH L. Radon, W. J. Hehre and J. A. pople, Molecular orbital 
theory of the electronic structure of organic compounds. 
VII. A systematic study of energies, conformations, and 
bond interactions, J. Am. Chern. Soc. 93(2), 289-300 
(1971); MO calculation of electronic structure. 

71S0UKAC I. J. Solomon and A. J. Kacmarek, Reaction of 04F2 and 
sulfur dioxide, 1. Fluorine Chern. 1(2), 255-6 (1971); CA 
76 80445f; reaction. 

71 STR A. G. Streng, Miscibility and compatibility of some lique
fied and solidified gases at low temperatures, J. Chern. 
Eng. Data 16(3),357-9 (1971); CA 75 6804lt; miscibility. 

71TIMIGOD V. S. Timoshinin and I. N. Godnev, Calculation of inertia 

tensor derivatives and of centrifugal strain constants, Opt. 
Spektrosk. 31(3), 372-5 (1971); Eng. transl., Opt. Spec
trosc. 31(3), 200-1 (1971); CA 75 I 56374j; centrifugal 
constant~. 

71 TREiSA V J. Tremblay and R. Savoie, Raman and infrared spectra of 
crystalline OF2, Can. J. Chern. 49, 3785-8 (1971); CA 76 
52161 s; vibrations, spectra. 

7ITURIGAR J. J. Turner, D.J. Gardiner and N. J. Lawrence, Vibrational 
spectroscopic studies on oxygen fluorides, J. Chern. Soc. 
A 1971 (2), 400-4; CA 7481312; spectra, vibrations (same 
as above). 

71WAG/WAR H. G. Wagner, J. Wamatz, and C. Zetzch, Determination 
of the rate of the reaction of fluorine atoms with molecular 
chlorine, Angew. Chern. 83,586-7 (1971); Eng. transl., 
Angew. Chern. Intern. Ed. 10, 564 (1971); CA 74 
103554r; mass spectrometry, formation of FO. 

72AND L. Andrews, Argon matrix Raman spectra of oxygen diflu
oride and the oxygen fluoride free radical, J. Chern. Phys. 
57(1),51-5 (1972); CA 77 54298m; argon matrix Raman 
spectra. 

72BRI B. J. Brisdon, Oxides and oxyacids of the halogens, lnt. 
Rev. Sci.: Inorg. Chern., Ser. One 3, 215-51 (1972); CA 
76 R 120933x; review. 

72BRU/ROB C. R. Brundle, M. B. Robin, N. A. Kuebler, and H. Basch, 
Perfluoro effect in photoelectron spectroscopy. I. Nonaro
matic molecules, J. Am. Chern. Soc. 94, 1451-65 (1972); 
eA 76 106174il; ionization potential. 

72CZAISCH J. Czamowski and H. J. Schumacher, The kinetics of the 
thermal decomposition of FzO, Chern. Phys. Lett. 17(2), 

235-40 (1972); dissociation energy. 
72HOU/ASM T. J. Houser and T. W. Asmus, Kinetics and mechanism of 

the pyrolysis of oxygen difluoride, J. Am. Chern. Soc. 94, 
1110-10 (1 Q7?): CA 77 10 122v; kin~tic~. 

72KIR W. H. Kirchhoff, On the calculation and interpretation of 
centrifugal distortion constants: a statistical basis for 
model testing: the calculation of the force field, J. Mol. 
Spectrosc. 41, 333-380 (1972); CA 76 65605q; rotational 
constants. 

72LEV D. H. Levy, Production of hydroxyl in the reaction of H + 
F20 and the binding energy of FO, J. Chern. Phys. 56, 
1415-16 (1972); CA 76 92747u; EPR data, reaction, 
dissociation. 

72LIE J. F. Liebman, Why is the oxygen in water negative?, J. 
Chern. Educ. 49(6), 415-17 (1972); CA 7752438h; elec
tron confirmation. 
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72LIE2 J. F. Liebman, Oxygen monofluoride (OF/n). Hartree
Fock wave function, binding energy, ionization potential, 
electron affinity, dipole and quadrupole moments, and 
spectroscopic constants. Comparison of theoretical and 
experimental results. Comments, J. Chern. Phys. 56(8), 
4242-3 (1972); CA 76 146880c; kinetics, spectroscopic 
constants, dissociation energy. 

72MCC/PAL D. C. McCain and W. E. Palke, Calculation of hyperfme 
coupling constants in inorganic radicals, J. Chern. Phys. 
56, 4957-65 (1972); CA 77 11540s; suggests that the 
radical observed by 65KAS/KIR is F03• 

72MEU AND A. J. Melveger, L. R. Anderson, C. T. Ratcliffe and W. B. 
Fox, Identification of the oxygen-oxygen stretching fre
quency in some fluoroperoxides by Raman spectroscopy, 
Appl. Spectrosc. 26(3), 381-4 (1972); CA 77 54296j; Ra
man spectra, characterization. 

72MOHIMUE N. Mohan and A. Mueller, Constraint for the calculation of 
force constants using the Green's function formalism, 
Chern. Phys. Lett. 14(2),205 10 (1972); CA 77 51\231\n; 

force constants. 
72NAT/RAM A. Natarajan and R. Ramasamy, Generalized mean-square 

amplitudes of vibration and Coriolis coupling constants of 
some triatomic systems, Indian I Pnre App! PhY~L 10(1), 

12-15 (1972); CA 77 40778f; Coriolis coupling constants, 
vibrational amplitudes, force constants. 

72ROB/KUE M. B. Robin, N. A. Kuebler and C. R. Brundle, Using the 
perfluoro and helium (He II) intensity effects for identify
ing photoelectron transitions, Electron Spectrosc., Proc. 
Int. Conf., 351-71 (1971, pub. 1972); CA 77 I 46026z; 
photoelectron spectra. 

72SRIIJEY R. Srinivasamoorthy, S. Jeyapandian and G. A. Savari Raj, 
Evaluation of molecular compliance constants. Nonlinear 
XY2 molecules, Chern. Phys. Lett. 14(2),493-6 (1972); 

CA 77 68082y; force constants. 
72W AG/ZET H. G. Wagner, C. Zetzsch, and J. Warnatz, Gas-phase 

preparation of OF radicals by reaction of fluorine atoms 
with ozone, Ber. Bunsenges. Phys. Chern. 76(6), 52&-30 
(1972); CA 77 52817f; preparation, kinetics, 

72YAN V. M. Yanishevskii, Principles of the fundamental valence 
vibration frequency change of diatomic molecules, Opt. 
Spektrosk. 33(4), 63&-41 (1972); CA 78 64392x; molecu
lar vibrations. 

73BERIDEH J. Berkowitz, p, M. Dehmer, and W. A. Chupka, Photoion
ization mass spectrometry of F20, J. Chern. Phys. 59, 
925-28 (1973); CA 79 83703m; appearance potential, en
thalpy of formation. 

73BURIGAR J. K. Burdett, D. J. Gardiner, J. J. Turner, R. D. Spratley 
and P. Tchir, Solution Raman spectmrn and normal-coor

dinate analysis of dioxygen difluoride, J. Chern. Soc., Dalton 
Trans. (18), 1928-32 (1973); CA 80 8746v; Raman spectra. 

73CARIMAC P. Carsky. M. Machacek, and R. Zahradnik, Open shell 
CNDO treatments on small inorganic radicals. Collection 
Czech. Comm. 38. 3067-73 (1973); CA 80 87715k; 
CNDO calculations. 

73CHEITUP P. P. Chegodaev and V. I. Tupikov. Pulse photolysis of 
gaseous fluorine-oxygen mixtures. Absorption spectra and 
kinetics, Dokl. Akad. Nauk SSSR 210(3), 647-9 (phys. 
Chern.) (1973); Eng. transl. Proc. Acad Sci. USSR (Phys. 
Chern) 210, 444 (1973); CA 79 131312g; kinetics, vibra
tion and electronic data, excited state in the region 190--
240 m!-l, EPR. 

73CHElTUP2 P. P. Chegodaev, V. I. Tupikov and E. G. Strukov, Pulse 
photolysis of gaseous fluorine-oxygen mixtures. Zh. Fiz. 
Khim. 47(5), 1315-16 (1973); CA 79 151560q; kinetics. 

73GAR D. J, Gardiner, Violet and blue compounds of chlorine, 
fluorine, and oxygen, J. Fluorine Chern. 3(2), 22&-9 
(1973); CA 79 61077h; reaction. 

73LEI C. Leibovici, Electronic structure and conformation of 
oxygen fluoride [02F21 and sulfur fluoride [S2F21, J. Mol. 
Struct. 16(1), 158-60 (1973); CA 78 140647; structure. 

73MIN/MIN 

73NIKIDUD 

73POUPOL 

73ROT/SCH 

73ROZIGUT 

73SIC 

73ZET 

74BRO/WIL 

74BUR 

74CLY/WAT 

74LAT/CUR 

74MIK 

74MIN/MIN 

74MIN/MIT 

74SIN/NAG 

R. M. Minyaev, V. I. Minkin, I. I. Zakharov, and I. D. 
Sadekov, Barriers to internal rotation in molecules of the 
RXXR and R2YYR2 type, Teor. Eksperim. Khim. 9, 81&-
22 (1973); Eng. trans!.. Theor. Exp!. Chern. [USSR] 9, 
643-8 (1973); CA 80 70102k; Huckel method, geometry. 
I. V. Nikitin. A. V. Dudin, and V. Ya. Rosolovskii, Reac
tion of fluorine with oxygen in a silent (barrier) electric 
discharge, Izv. Akad. Nauk SSSR Ser. Khim., 269-73 
(1973); Eng. trans!., Bull. Acad. Sci. USSR Div. Chern. 
Sci., 261-4 (1973); CA 78 15440ld; formation ofF20 and F02• 

P. Politzer and A. Politzer, Properties of atoms in 
molecules. V. Easy procedure for estimating atomic 
charges from calculated core-electron energies, J. Amer. 
Chern. Soc. 95(17), 5450--5 (1973); CA 79 108237c; ki
netics, atomic charges. 
S. Rothenberg and H. F. Schaefer III, Molecular properties 
of the triatomic difluorides, beryllium difluoride. boron 
difluoride, argon difluoride, nitrogen difluoride, and oxy
gen difluoride, 1. Amer. Chern. Soc. 95, 209"i-IOO (IQ71); 

CA 78 141490g; molecular constants, molecular orbital 
calculation, geometry calculations. 
I. B. Rozhdestvenskii, V. N. Gutov and A. Zigul'skaya, 
Approximation coefficients of the thermodynamic poten
tial for substances formed by aluminum boron, carbon, 
calcium, chlorine, copper, fluorine, hydrogen, potassium, 
lithium, magnesium, nitrogen, sodium, oxygen, phospho
rus, sulfur, silicon and titanium atoms in a temperature 
range up to 6000 K, Sb. Tr. -Glavniiproekt. Energ. Inst. 7. 
88-121 (1973); CA 85 8376u; thermodynamics. 
J. M. Sichel, CNDO-MO study of the ozonide ion and 
related species. (Oxygen difluoride), Can. J. Chern. 
51(13),2124-8 (1973); CA 79 83705p; MO calculations. 
C. Zetch, Title. First European Symposium on Combus
tion (E. J. Weinberg. ed.), Academic Press, New York, p. 
35 (1973); kinetics of formation (3rd body diluent gases). 
R. D. Brown and G. R. Williams, Ab initio calculations on 
some small radicals by the unrestricted Hartree-Fock 
method. (Boron difluoride, nitrogen difluoride, oxygen di
fluoride, carbon difluoride), Chern. Phys. 3, 19-34 (1974); 
CA 81 16907j. 
P. G. Burton, Approximate molecular orbital theory. Es
sential structural elements - MO formalism. Part 2: Di
rect comparison with ab initio results, Chern Phys. 4(2), 
22&-35 (1974); CA 81 54602p; structure. 
M. A. A. Clyne and R. T. Watson, Kinetic studies of 
diatomic free radicals using mass spectrometry. I. System 
description and applications to fluorine atoms and oxyflu
oride (FO) ranicals, J. Chern. Soc., Faranay Trans. 1 70(6), 

1109-23 (1974); CA 81 96784e; kinetics, 
W. A. Lathan, L. A. Curtiss, W. J. Hehre, J, B. Lisle, and 
J. A. Pople, Molecular orbital structures for small organic 
molecules and cations. Prog. Phys. Org. Chern. II. 175-
261 (1974); CA 85 20206e; re values. 
N. I. Mikheev, High-temperature conversion in magnico 
alloys, Izv. SevllfdtIKauk.Nauchn. Tsentra Vyssh. Shk., 
Se. Tekh. Nauk 2(4), 6&-8 (1974); CA 82 12958t; orbitals. 
R. M. Minyaev and V. I. Minkin, Theoretical study of the 
anomer effect, Vopr. Stereokhim. 4, 3-12 (1974); CA 83 
57920t; MO calculations. 
B. F. Minyaev and Yu. V. Mitrenin, Comparison of single
electron orbital energies calculated by CNDO/2 and 
ab initio methods for triatomic molecules, Teor. Eksp. 
Khim. 10(2),231-3 (1974); Eng. transl. Theoret. Exper. 
Chern. 10(2), 175-7 (1974); CA 81 96590p; CNDO, 
molecular orbitals. 
Z. Singh and G. Nagarajan, Molecular dynamics root
mean-square amplitUdes, statistical thermodynamics, 
molecular polarizability for the isotopic species of dioxy
gen monofluoride, Monatsh. Chern. 105,91-104 (1974); 
CA 80 126217w; vibrational spectra studies, heat capacity. 
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74SIMICHO 

74SIMINOV 

74SMNFOX 

74SMNFOX 

74S0UKEI 

74WIGfBRI 

75ALEJNIK 

75BIN/DEW 

75BISIVAL 

75DlAISIM 

775LEL 

75MCC/PAL 

75PEI 

75SMAfSLI 

75SPEISPI 

75THIIMOH 

76ALEINIK 

76ALI/RAI 

MALCOLM W. CHASE 

G. Simons and E. C. Choc, Bending force constant formu
las from a bond-charge model of triatomic molecules, 
Chern. Phys. Leu. 25(3), 413-16 (1974); CA 80 150443r; 
force constants. 
G. Simons and J. L. Novick. Virial theorem decomposition 
of molecular force fields. J. Phys. Chern. 78( 10). 989-93 
(1974); CA 81 28789x; spectra. 
R. R. Smardzewski and W. B. Fox. Infrared spectroscopic 
evidence for matrix isolated nitrosyl hypofluorite, an iso
mer of nitryl fluoride. 1. Chem. Phys. 60, 2980 6 (l97-1); 

CA 80 65199t; IR spectra. 
R. R. Smardzewski and W. B. Fox. Reaction of atomic 
fluorine with oxygen atoms in cryogenic matrixes. New 
source of the hypofluorite radical. J. Chern. Phys. 61(11). 
4933-4 (1974); CA 82 132062z; fonnation (intermediate). 
I. J. Solomon and J. N. Keith, Synthesis of halogen com
pounds in high valence states, AD 775942/6GA, 76 pp. 
(1974); Govl. Rep. Announce. (US.) 74(18),64 (1974); 
CA 81 57742v; kinetics. 
G. R. Wight and C. E. Brion. K-shell excitations in nitric 
oxide and molecular oxygen by 2.5 ke V electron impact, 
J. Electron Spectrosc. Relat. Phenom. 4(4), 313-25 
(1974); CA 81 161829q; reaction, ionization potential. 
N. V. Alekseev and I. V. Nikitin. Thermodynamic calcula
tions of plasma processes in systems containing nitrogen. 
oxygen, and fluorine, Tezisy Dok\.- Vses. Simp. Plaz
mokhim., 2nd, Volume I, 166-9 (1975); CA 88 28007y; 
thermodynamics. 
R. C. Bingham. M. J. S. Dewar, and D. H. La, Ground 
states of molecules. XXVlll. MINDO/3 calculations for 
compounds containing carbon, hydrogen, fluorine and 
chlorine, J. Am. Chern. Soc. 97, 1307-11 (1975); CA 82 
124563y; re values. 
S. Biskupic and L. Valko, Electronic structure of some 
peroxy radicals, J. Mol. Struct. 27(1),97-104 (1975); CA 
83 96146q; structure. 
S. Diab and G. Simons. Force field description of the 
bending motion of triatomic molecules, Chern. Phys. Lett. 
34(2),311-16 (1975); CA 83 188569z; force field calcula
tions. 
J. Leleu, Dangerous chemical reactions. 26. Ozone. Cah. 
Notes Doc. 78, 123-4 (1975); CA 88 R26944c; reactions. 
D. C. McCain and W. E. Palke. Theory of electron spin 
g-values for peroxy radicals. J. Ma~n. Resonance 20. 52-
66 (1975); CA 84 82218y; excited states. EPR. 
G. Peinel, Calculation of dipole moments with a CNDO
APSG [antisymmetrized product separated germinal} pro
cedure, Mol. Phys. 29(2), 641-3 (1975); CA 83 20095b; 
dipole moment. 
A. Smale, K. Lutar and J. Slivnik, Photosynthesis of 
dioxygen difluoride, J. Fluorine Chern. 6(3), 287-9 
(1975); CA 83 187680a; preparation. reactions. 
G. K. Speirs and V. Spirko. Application of the Montecarlo 
method to anharmonic force constants calcUlations. An
harmonic potential functions of some nonlinear symmetri
cal triatomic molecules, J. Mol. Spectrosc. 56(1), 104-23 
(1975); CA &3 34&&01'; force constants. 

P. Thirugnanasambandam and S. Mohan, Molecular con
Slants of some bent symmetrical XY t molecules. 1. Mol. 
Struct. 25(2), 309-12 (1975); CA 81 97106x; force con

stants, vibrational amplitudes. 
N. V. Alekseev and I. V. Nikitin. Equilibrium composition 
of the fluorine-oxygen system and synthesis of oxygen 
fluorides. Khim. Vys. Energ. 10(2). \77 (1976); CA 84 
170451 z; kinetics, equilibrium concentrations. 
A. J. P. Alix, S. N. Rai and J. N. Ray. The charactenzatlQn 
of the nonnal modes of vibrations by the RAS-method. 
Indian 1. Pure App!. Phys. 14(8), 639-42 (1976); CA 
85133390d; force constants. 

76BEN 

76CAUHIR 

76CHR/WIL 

76GIRISAS 

76KOEJJOL 

76LARfNOR 

76MATITUP 

76PLEJKOC 

76TUP/MAT 

77COO/PRI 

77GLI 

77VIZlSEB 

78APP/CLY 

78ART/BEZ 

78CHEITUP 
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S. W. Benson, Thermochemical Kinetics, 2nd Ed., Wiley, 
New York. 290 (1976); enthalpy of formation. 
J. H. Callormon, E. Hirota. K. Kuchitsu, W. J. Lafferty, A. 
G. MaId, and C. S. Pote, Structure data of free polyatomic 
molecules, Landolt-Bomstein New Ser. Group II 7, 69 
(1976); symmetry, bond lengths. 
K. O. Christe, R. D. Wilson, and I. B, Goldberg, Some 
observations on the reaction chemistry of dioxygenyl salts 
and on the blue and purple compounds believed to be 
CIF,02' J. Fluorine Chem. 7, 543-9 (1976); CA &5 

28079m; EPR spectra in agreement with known spectra of 
FOO. 
C. P. Girijavallabhan, N. S. Sasidharan and J. K. Babu, 
Parameter representation of average potential energy of 
zero point vibrations, 1. Mol. Spectrosc. 61 (2), 177-83 
(1976); CA 85 53849v; force field. 
J. W. Koepke and W. L. Jolly, The core electron binding 
energies of oxygen difluoride, J. Electron Spectrosc. Re
lat. Phenom. 9, 413 (1976). 
K. G. Larsson and M. Norell, Electrolytic manufacture of 
chlorite. Ger. Offen., SE 76-5373. 32 pp. (1976); CA 88 
P67261 w; patent. 
M. M. Matchuk, V.1. Tupikov, A. I. Malkova, and S. Ya. 
Pshezhetskii. Electronic absorption spectra of 02F and 
02F2 in solutions of liquefied gases, Opt. i Spektrosk. 40, 
14-18 (1976); Eng. transl., Opt. Spectrosc. 40.7 (1976); 
CA 84 11371Oj; spectroscopy data, EPR. enthalpy of for
mation/dissociation, kinetics. 
B. Plesnicar, D. Kocjan, S. Murovec and A. Azman, An 
ab initio molecular orbital study of polyoxides. 2. Fluorine 
and alkyl polyoxides (difluorine trioxide, difluorine 
tetroxide, dimethyl trioxide, bis(trifluoromethyJ)trioxide), 
J. Am. Chern. Soc. 98(11), 3143-5 (1976); CA 8S 62S18p; 

ab initio, MO calculations. 
V.l. Tupikov, N. M. Matchuk, A. 1. Malkova and S. Ya. 
Pshezhetskii. Study of EPR spectra of dioxyftuoride radi
cals, Teor. Eksp. Khim. 12( I), 95-100 (1976); Eng. 
trans!., Theor. Exp. Chern. 12, 71-75 (1976); CA 84 
187152a; EPR spectra. 
R. D. Coombe, A. T. Pritt Jr. and D. Pilipovich, Produc
tion of excited molecular nitrogen and fluoroimidogen by 
the reaction of nitrogen atoms with 02F radicals, Electron. 
Transition Lasers 2. [Proc. Summer Colloq.], 3rd (Meet
ing Date 1976). 107-11 (1977); CA 88 30136h; reactions. 
C. Glidewell. Bond energy terms in oxides and oxo-an
i~ns. Inorg. OHm. Acta 24(2), 149-57 (1977); CA 87 
157428q; bond energy, dissociation energy. 
B. Vizi and A. Sebestyen, Chemical statements based on 
data calculated from vibrational spectra. 1. Cha\cogen 
compounds, Megy. Kern. Foly. 83(5), 227-31 (1977); CA 
87 46017k; vibrations, force constants. 
E. H. Appelman and M. A. A. Clyne, Elementary reaction 
kinetics of fluorine atoms, FO, and NF free radicals, ACS 
Symp. Ser. 66 Fluorine-Containing Free Radicals. 3-25 
(1978); CA 88 RIII084s; kinetics, review. 
A. A. Artyukhov, V. N. Bezmel'nitsyn, Yu. V. Droby
~hpv"kii, V A r.pell~(W. V. R. Sokolov and B. B. 
Chaivanov, Synthesis and reactivity of dioxygen difluo
ride, 5-i Vses. Simpoz. po Khimii Neorgan. Ftoridov, 
Dnepropetrovsk, 1978. 36 (1978); Ref. Zh., Khim. 1978, 
Abstr. No. 18B 1215; CA 90 33307s; kinetics. 
P. P. Chegodaev, V.l. Tupikov. E. G. Strukov. and S. Ya. 
Pshezhetskii, Study of the reactions of atomic fluorine by 

flash photolysis, Khim. Vysokikh Energ. 12, 116-21 
(1978); Eng. transl., High Energy Chern. [USSR) 12, 98-
I 02 ~ 19n); CA 89 :51329J; UV s[,JCl:lrC1. il.illClil,;:,>. 
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78CHO/HER D. P. Chong, F. G. Herring, and Y. Takahata, Prediction of 
large corrections to Koopman's theorem and the ab initio 
vertical ionization potentials of HOCl, FOCI, and C\zO, J. 
Electron Spectrosc. Relat. Phenom. 13( I), 39-47 (1978); 
CA 88 126644g; ionization potential. 

78COO/PIL R. D. Coombe, D. Pilipovich, and R. K. Home, Chemical 
generation of electronically excited ClF*(B3rro +) and the B 
-7 X emission spectrum, J. Phys. Chern. 82(23),2484-9 
(1978); CA 89 206727p; formation of F02• 

78DEW/RZE M. J. S. Dewar and H. S. Rzepa, Ground state molecules. 
40. MNDO results for molecules containing fluorine, J. 
Am. Chern. Soc. 100, 58-67 (1978); CA 88 151825r; 
SCF-MO calculations of enthalpy of formation. 

78DEW/RZE2 M. J. S. Dewar and H. S. Rzepa, Calculations of electron 
affinities using the MNDO semiempirical SCF-MO 
method, J. Am. Chern. Soc. 100(3), 784-90 (1978); CA 88 

78GRIIEDW 
151833s; ionization potential, electron affinity. 
J. E. Griffiths, A. J. Edwards, W. A. Sunder, and W. E. 
Falconer, Raman study of 02FZ -I- VFs rl'llC'tion' i"ollltion 

and identification of an unstable reaction intermediate, J. 
Fluorine Chern. 11(2), 119-42 (1978); CA 89 15957d; 
Raman study of solid. 

78LEG/MAK V. A. Le£!asov. G. N. Makeev and E. P. Talzi. Formation 
of oxygen fluoride (02F) radicals during photolysis of a 
gaseous mixture of fluorine and oxygen, 5-i V ses. Simpoz. 
po Khimii Neorgan. Ftoridov, Dnepropetrovsk 1978, 160 
(1978); Ref. Zh., Khim. 1978, Abstr. No. 16B1527; CA 89 
207217 j; formation. 

78LEO/MED V. Ya Leonidov and V. A. Medvedev, Fluorine calorime
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